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PHILOSOPHY STATEMENT

Comelius Lanczos, a methamtician working in the field of gpplied aralysis,
expressed the history of mathematics in three phases:

1) A given pgyysical situatio is translated into the realm of runders,

2) By purely formal operations with these mumbers certain mathematical
results are dotained, [ard]

3) These results are translated back into the world of ghysical reality (1988,
p-D.*

Formel pepers, in subjects related to aviation, roughly follow the sare course.
However, there appears to be a weakness in aviation research, that being the
anission of the third phase.

Tt is not good enoush that aonclusians are dramn, if those conclusians fail to
improve the system doserved. Clearly, the doserved have a say in implementing
the aonclusians of research, hut their failure to inplerent the conclusions drawn
by the researcher may be more indicative of a lack of understanding than a lack
of desire. Researchers tend to peer into camplex systems as through a soda
straw, forming fomel opinians an the finite without understanding the carplete
system. Industry, ever mindful of the coplete systam, mey find research irrel-
evant, because it mekes much to do about nothing.

Tre editorial staff, to include those listed as ansulting editors, is comitted
to the improvarent of all individuals within the aviation commnity. We seek to
enhance existing systems bearing in mind that small improvements must not
upset the delicate balance between too little and too much help. We also seek
to pronote safety, not by lip service, hut by demmstration in how we execute
our studies and how we report cur findings.

We feel that the best way to translate results back to the gysical world is to
incorporate the viewpoints of pecple aroud the gldee. Without the influence of
a worldwide community, we deny the significance of diversity, and ignore the
perspectives of gifted scientists fran different cortries. It is axr hope thaet each
reader will feel the sare.

B.S.L.

Tanczos, C. (1988). Zpplied Aralysis. Mineola, NY: Dover Publications, Inc.
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EDITOR’S NOTES
Formal Papers

Readers who are interested in the improvement of pilot vision under adverse
weather may find this extensive report of studies conducted by Kom, Lorenz,
Doehler, T8den ard Hecdker to e of interest. Built o three tedrological
elenents, the studies were conducted to examine the feasibility of a “Radar-
PAPT” coxept thet may act in low visibility similar to thet of the visual PAPT
larding aids in good visibility.

Ruming third to safety ard security, airlire service is very important to most
alr travelers. Based o revisiting and resralyzing four previous reports regarding
Airline Quality Rating (A(R) as an dojective mechanism of measuring airline
service performence, Bowen, Headley, ard Iu argue thet an airline’ s gperatiaml
deficiencies can ke retrieved, while similtanecusly opening a window for public
review and service improvement.

Cnsidering the potential danger of gperating electronic devices an board
alrcraft, meny resders will fird the next article an interesting report. The article
discusses a study conducted by Balfe and Head to establish the mumbers and
types of devices carried an board by passengers ard the level of use during the
flight, to determine passenger knowledge of hazards associated with operation
a1 board ard regulatians goverming gperation, to determine passenger perceptians
of level of risk ard to determine level of passenger desire to gperate devices a
board.

Casner'’s article reports an a study canducted to determine how much practice
is needed by pilots, who desire to fly TFR with GPS. With sixteen instrument-
rated pilots who were recruited fram local professiael flight training sdhools,
data gathered during the study were analyzed to determine: (1) whether or not
the grourd study and five practice flights were encugh to allow pilots to mester
the gdlls; (2) how effective was self-study carpared to dial instruction; ard (3)
which skills presented pilots with the most difficulty and accounted for the nost
enars.

Those interested in aivcrew performence and aviation safety may fird this
rext article to ke of interest. As a cotimuation of angoirng research in pilot
resource selection and kased an the Big Five Persanlity Tnventory, the Leadership
Intelligence Quotient Self-Assessment and three select attribute scales,
Hamilton ard Ripley examined the effectiveness of binary logistic regression in
screening candidates for instructor pilot upgrace.

The rnext article is another for those interested in the area of safety. Similar
to prior studies to develop RD curves for detecting cracks in metal structural
canmponents of conmercial aircraft, Erhart, Ostrom, and Wilhelmsen conducted
a pilct study to determine what size dent the average persan would detect.

Since previcus research in the field of judgment and decision-meking has
been divided into two theoretical perspectives, researchers interested in the
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relevance of judgment and decision-meking in the application to aviation may
fird this next article interesting. Usirng the proposal thet pilot judgrent ard
decision meking can ard should incorporate both theories, Jacdoson and Mosier
examined pilots’ use of coherence- and correspondence-based decision-meking
processes as a function of variables such as phase of flight, weather coditians,
type of evat, ad level of aircraft atamtion.

Based an audits, copliance with Intermmatianal Civil Aviation Orgenization
(ICAO) requirvements by mary civil aviation authorities avord the world is not
adequate ard often not sustained. Motevalli, Ansari, Lagos, and Novak discuss
the role of oversight in the aviation industry worldwide, examine the critical
elements of an ef fective civil aviation oversight atharity, and discuss the key
factors for sustaining such authority .

Readers who are interested in leamning theories may find the Rhind and Head
article to ke of interest. Rhind ard Head coxucted a study to determine whether
inplicit learmers perform uder test caditians as well as explicit leamers.

Training Development Reports, Studies, and Papers

The authors of the next article discuss ard critique a clinical model that
would advance the aviation education discipline at corprehensive universities.
Marks arnd Vitek propose that flight centers be established as clinics, similar to
those in the health profession. These centers would utilize instructors to
acaoplish the significant roles of flight training and minimize the irvolvament of
research faculty.

Acknowledging that this study can be generalized anly to settings highly
similar to thet at Tndiare Stare Uhiversity, Sciweab conducted a study to determine
whether the quality of service provided by the two aontracted ISU flight schools
was adequate to meet the needs of the flight school students. In hopes that this
study will serve as a model for other aerospace departments to becore more
aware of, mmitor, and meke the necessary inmprovements in their flight training
proorans to deliver the safest ard most high-guality flight training to their studats,
Schmeb administered a survey to all 66 students enrolled in the ISU flight school
program.

Aviation education ard training instructors and develgpers may find this next
article to ke of interest. Rdoertsm discusses the methods ard strategies for
teaching higher-arder thinking skills in aviation ard the leaming theory sugporting
these methods. He argues that inproving higher-arder thinking skills will lead to
better judgrent, decision-meking, and critical thinking; hence, fewer aviation
accidents.

The Kutz, Brown, Carmichael, and Shandiz article may appeal to those who
are interested in teaching/leaming theories. The authors discuss research
regarding the Myers-Briggs Type Indicatar (MBIT) preferences of college students,
specifically aviation majors and business majors, and conpare the preferences
of aviatio Professianl Pilct udergradiete mejars with the preferences of Aviation
Management undergraduate majors.



Book Reviews

The Haley-Seikel and Hamm review of Humen Factors in the Training of
Pilots by Jefferson M. Koance provides readers with a lodk at a “textbook” that
is well worth reading ard placing in each aviation enthusiast’ s lilbvary .

B.S.L.
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Formal Papers

Passive “Radar-PAPI” Landing Aids for Precision
Straight-in Approach and Landing in Low Visibility

Bernd Korm, Bernd ILorenz, Hans-Ullrich Doehler,
Helmut Tékbben and Peter Hecker

Institute of Flight Guidance
German Aerospace Center (DLR)
Lilienthalplatz 7
D-38108 Braunschweig
Deutschland

Abstract

Feasibility of a “Radar-PAPI” concept is examined that may act in
low visibility like the visual PAPI landing aids in good visibility. This
concept is built on three technological elements. First, the aircraft
must be equipped with a forward-looking millimeter wave radar.
Second, runway-marking retro-reflectors must be placed along the
runway. Finally, another set of reflectors is needed to generate in-
formation on glide slope deviations. In a first field study, flight trials
were completed to sample radar images. A subsequent low-fidel-
ity part-task simulation was performed to answer the question as to
how efficiently these kind of radar images can be utilized by pilots.
Finally, an empirical study examined different options as to how to
implement the Radar-PAPI concept in the cockpit. Results sug-
gested that pilots leam the extraction of the visual cues from radar
images surprisingly fast with the help of cue augmentation pro-
vided by retro-reflectors. Transformation of the usual plane-view
display of the radar image to a three-dimensional perspective rep-
resentation was associated with best pilot performance. In conclu-
sion, ‘Radar-PAPI’ passive landing aids may complement other
enhanced vision sensors, such as an infrared, to support low-vis-
ibility straight-in landings.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.0O. Box 25082, Cklahoma City, OK 73125.
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Introduction

Enhanced Vision Systems (EVSs) are currently developed to alleviate
for all-weather flight cperations becares most important for the approach and
lardirng phase of a flidght, when safety aoxems resulting from low visibility require
the noninal airport capacity to be significantly reduced. Consequently, there is
a ne=d to close the gap between capacity under low-visibility and good-visibility
caditions. The BS can help to fulfill this gml. The EVS relies on weather-
penetrating forward-locking sensors that augrent the naturally existing visual
cues in the ewvirament and provide a real-time imege of prominent topographical
dojects that may e identified by the pilot. Infrared (IR) ard millineter-wave
(MW) sensors currently are envisaged as the most promising EVS support of
plot vision in low visihility . One important benefit of IR-sensors is that these
sensors generate a perspective image, from which the humen can derive the
perosptual cues of depth to generate a three-dimensianal interpretation of the
artsice warld. This is an inportant feature of the IR-sensor, as such a perspective
sensor imege can be overlaid to the outside scene on a head-up digplay (HD) .
The recently released rule of the FAA for Enhanced Flight Vision Systems
(EFVSs) clearly acknowledges the operatianal benefits of such a tedhmology by
stating the following: “Use of an EFVS with a HID may improve the level of
safety by inmproving position awereness, providing visual cues to maintain a
stabilized approach, and minimizing missed approach situations” (Federal
Avigtim Administration (FRA), 2004, p. 1621) . Moreover, “The pilct would use
this enhanced flight visibility ... to cotime the agproach from IH [decision
height] or MDA [minimum descent altitude] down to 100 ft above the touchdown
zane elevation of the rumay of intended landing” (FAA, 2004, p. 1621).

This rule change marks a significant tcken of oconfidence towards EVS
tecdmology . However, the paetration of bed weather (dense fog ard ligit rain) in
the infrared spectrum is remarkably poorer than the weather penetration that
can be achieved by MMW-radar (Currie & Brown, 1987). Horme, et al. (1992)
pracosed a rather cawincing method to define the all-weather dharacteristic of a
sensor . They measured the reflected radar energy from the ruway and the
surrounding grass as a function of distance ard varicus weather conditians. The
ratio of the reflected energy received by the radar anterma between grass arnd
rumay wes used as a nmeasure for the amtrast and they defined a 3 dB difference
as a thredhold for suf fidet visihility . The all-weather capability of MVIW-sensors,
defined this way, can e considerably inmproved by introducing additicnal means
that enhance the contrast between the ruwmay and its adjacent terrain. When
using MMW-raders like the HiVision sensor of the Buropesn Aeronautic Defense
and Space Company (EADS) (Pirkl & Tosparm, 1997), this can be accomplished
by installing retro-reflectars alayg the rumay, which are similar to the numay
lights sugporting visual lardings. Rirthermore, the use of reflectors enables an
easy detection of the nrmay in MMIW-radar imeges even if there is no contrast
at all between the rumay ard its surroudirgs, as is the case for grass rumays
ar sinple forward-geerating strips in military gperatians. In addition, passive
retro-reflectors are easy to marufacture ard to install. While radar reflectors

International Journal of Applied Aviation Studies



provide the salient visual cues needed for rumay identification, hence providing
lateral guidance, there is still the nead for vertical guidance. Active MMW radar
primerily delivers informetion about the range ard the angular divection (azimith)
of a certain doject. This results in a flat plane-view raoresatatrion, also referred
to as a B-soope imege of the scene, which does not provide any altitude or
height information (Kom, Doehler & Hecker, 2000), i.e. it ladks similar toakird’ s
eye view (see Figure 1, left picture). This range/argle information can be
transformed into a perspective view “out-of-the-window” (C-soope), ut there is
still a lack of infametion doout the dojects’ heigt ar their vertical position.
Thus, a perspective “out-of-the-window-view” (see Figure 1, right picture) can
ally be geerated if the elevation of the suwrording terrain is knowmn. To
ciromwvent this requirarent, the so-called “flat-earth-assurptian” is often used
(Pavel & Sharma, 1996) . The anly information needed under this assunption is
the actual height above the flat earth which can be derived fram the actual
kararetric altitude adjusted for the anrent air pressuwre (QH) at the target
airport. This introduces a height error of up to 20m to the resulting perspective
imege. This level of inacauracy is too high for the vertical guidance needed in a
lowvisibility ladirg. A further possibility to solve the vertical guidance prdolem
in the MW radar imege is to use special types of retro-reflectors where the
amount of reflected energy is dependent an the aspect arngle in the vertical
plare.

Figure 1. MW radar image of a runway, B-scope presentation (left imege), C-
Sogpe presentation (right imege) . The perspective C-soope presentation only
can be derived from the B-soope when additional informetion about the terrain
elevatim is known or the flat earth assurption is used together with the baro-
metric altitde.

Albeit different in rature, a similar prdolem exists for visual agoroadhes as
the mere visibility of the rumay provides anly wesk vertical guidance cues.
Moreover, plds’ assessment of the aporopriate glide-path angle is prane to
visual illusions ard is extrarely variable, particularly during night time and/cr
when pilots misinterpret the width of the ruwmay Mertens & Lewis, 1982).
Trerefare, visual larding aids such as Precision Approach Path Tndicators (PAPIS)
ar Visel Approach Slope Indicators (VASIs) have been developed to provide

Passive “Radar-PAPI" Landing Aids
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vertical guidance for visual apporcaches. Divided into three sectians, this paper
describes how such a concept can be transferred to the MW-radar domain.
First, the MMW Radar-PAPI/VASI amospt will e cutlined ard the results of
flight trials will be reported. These flights were aorpleted in a research aircraft
equipred with the HiVision MMIW radar sensor of FADS (Pirkl & Tosparm, 1997) .
Flight trials irvolved a series of straight-in aporoaches an a numay equipped
with the above-mentioned radar retro-reflectors.

Secad, a low-fidelity part-task similatiom of a straight-in larding irvolving
fourteen pilots was performed to answer the question as to how efficiently these
kirds of radar imeges can be utilized by pilcts to extract the vistal PAPT categories
required for successful landings. Two radar display concepts were developed
thet differ in the spatial arvargamatt of the retro-reflectars thet provide vertical
guidance. These were aarpared to a familiar color-coded PAPT beseline cadition.
Thivd ad firelly, a radar-inege gereratar was interfaced with a high-fidelity gmeric
aockpit similator .2An empirical study irvolving six pilots of study 2 examined
df ferent options as to how to implement the Radar-PAPT amospt in the codkpit.
In this stdy, pilot perfamence dif ferences between the untransformed plane-
view (B-scope) and the transformed perspective (C-scope) radar image were
investigated also addressing crew coordination issues.

Study 1: Passive Aids for MMW Radar Based Approach and Landing

Today there are dif ferent types of visual lading aids. First, apgoroach ard
rumey lights assist pilots in identifying the numay providing sugeort meinly in
lateral guidence. Secad, Precision Approach Path Indicators (PAPI) or the
older Vissl Approach Slope Indicators (VASI) assist pilcts in the landing
aporcach by providing aolar-coded visual glide path infametrio. Figare 2 illustrates
the colar-aoding principle of PAPT and VAST larding aids, which dif fer with regprd
to the gpatial arrerngement of the color lights and the mumber of guidance
categories.

AAA ..

oo ﬁﬁm\—uﬁﬁil—ﬁiﬁﬁ Seamson PAP:
R R R R
S S E 5 _= = 3-category VAS!
R R
Too high Slghtly OnGlde Slghtly Too ow
high Path Low R = red

Figure 2. Red (R) ard white color-coding principle of glide path information of
typical 5-category PAPI and 3-category VAST visual landing aids.
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To transfer this aoospt to the goplication of radar reflectars as landing aids
for a MW-radar based EVS approach, two different types of reflectors are
needed. For marking the rumway border, the amount of reflected energy should
ke independent of the aspect argle for both the horizantal ard the vertical plane
to enable an easy detection of the rumey structure in the radar imege. For
vertical guidance, the amount of reflected energy should be a sharp and well-
defined function of the aspect argle in the vertical plane, but nearly independent
of the aspect arngle in the horizantal plare.

Tedmical details of a variety of dif ferent reflectors and their nost inportant
properties can be fourd in Qurrie and Brown (1987) . A trihedral aomer reflectar
(see Figure 3 left) was selected as a rumay merker as this reflector has the
adventage over other reflectors because it has wide 1dces in both planes while
also providing a relatively large radar cross section (RCS), which is a measure
for the amomt of energy reflected back fram an doject to the radar sensor
(Qurrie & Brown, 1987) . Diplanes (see Figure 3 right) have a large RCS, too.
They have a broad beam in the plane perpendicular to the radar seam ard a very
narrow ae in the plane alayg the seam. Therefore, the avount of energy reflected
kack to the sensor will be dependent an the aspect angle in the vertical plane.
Thus, precise installation of a miltiple of these reflectars can provide a rarge of
quidance aes to the pilct as to were the pilct is flying in relation to the target
descerd path. In other words, these reflectors can be applied to huild up a
“radar-PAPT” ar “radar-VAST” system. Instesd of using colars for visual glide slaoe
indicators, now the glide slagee will ke intensity coded.

b I LR My { [t \i
Figure 3. Gomer reflectar (left) ard Diplare reflectar (right) used in the flidht
tals.

Figuare 4 ghows the principle of a “radar-PAPT” anfigratio with 4 diplare reflectars
providing imege agrentation far faur glide-path angles (o, to o) optimized for a
namiral descard path. Tn principle, o, and o, provide mesdmm-intensity reflections
at argles below and o, and o, at angles aoove the naminal glide path. Following the
aoding niles of Figre 4 pilots et categarical infametion doout their position relative
to the momirel glide path (e.g. “sligt aboe”) .
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Figure 4. Tntersity-codirg principle of a 5-categary “Redar-PAPT” (left) ard 5-categary
“Radar-VAST” (rigt) dotained with four diplare radar retro-reflectars providing imege
agrentation for for glide-path argles (O, © Q)

Method

Procedure . Figure 5 shows the aonfiguration of comer reflectors (C-1, ..., C-
8) ard diplare reflectars (D-1, .., D-4) arord the grass rumay 26 at the research
alrport in Braunsdwmeig, which were installed for a series of flights testing the
functiawl feasibility of the Radar-PAPT concept. Unfortunately, as sare of the
diplanes would have been too close to the agphalt rumay, the losl airpart
authorities could not allow the ane-row line-up of a PAPI configuration due to
safety reasons. Therefore, we used only a two-over-two configuration,
subsequently referred to as “radar-VAST” axffigration, despite the fact thet this
axospt still provides five guidance categories ard rot three like the visual VAST
landing aid conospt.

About 25 approaches were flown to the grass rumway 26. There were no
displays of the radar imeges to the pilots. The pilots were instructed to perfarm
visual approaches to the rumay varying the vertical approach angle fram steep
approach of about 4%° down to flat 2° approaches to acquire a variety of radar
imeges that can be used to amalyze how sensitive the reflects of the different
diplares are to arell glide-argle variatians.
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Figure 5. Installation of radar reflectors alag grass rumay 26 in Bransdmeig,
Germany, Comer reflectors C-1, ..., C-8 and Diplanes D-1, .., D-4 with o =2.3°,
0,=2.9°, 0,,=3.5°, 0o,=4.1° sugporting a precision straight-in landing with a 3.2°
naminal glide path.

Results and Discussion of Study 1

Here, it is focused an the mein results dotained in Study 1. Those types of
analysis done with the image data that were of a tedmical nature aroud purely
ergineering issues will be anitted. For these type of results, the reader is referved
to Kom and Doehler (2003) . Figure 6 shows a radar imege from an approach to
the grass rumay 26 in Braunsdwmeig. The signals of the 8 comer reflectors
indicate the grass rumay very clearly. In Braunmsclwelg the nominal glide path
argle for the rumay 26 is 3.2°. There are anly hich intensity values caning fram
the left pair of refletars with 00 =2.3° ard 00 =2.9°. Thet means, in this case, the
aircraft was below the nominal glide slope.

Figure 6. Radar image of the “Radar-VASI” system. The aircraft is below glide
slope, because anly the left pair of Diplanes with 0=2.3° and 0=2.9° have high
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In caclusian, the flight tests were promising in demmstrating the functiaal
feasibility of a radar-based EVS apporoach sugoorting vertical ard lateral gquidance
that can ke provided by the two chosen types of retro-reflectors. First, comer
reflectors offer a very sinple way to provide lateral guidance by augrenting the
salience of the rumay structure in the radar imeges. Esgpecially in the case of
grass rumays or airports where there is no amtrast at all in the radar inmege
between the ruwmay ard its vicinity, such reflectors may play an important role.
Secad, the additiaal use of gpecial reflectors (e.g. of diplanes) which have a
narrow main-1doe in elevation can provide vertical guidance information an glide
slgee deviatians similar to the existing VASI- or PAPI- visual landing aids.
Especially for MW sensors that measure only range and azimuth but no
elevatim, this kird of infametion is essattial far pilces.

Study 2

Having established the all-weather capability of the MW sensor, ad
moreover, the improvaments in the detection of the nrmay ard the glide-path
argle with the help of retyo reflectars, raises the inportant question as to whether
pilots are able to take advantacge of raw radar images displayed without ary
autoreric target extraction. Thus, the questim is: can pilots urilize these imeges
as visual aes for a precise straigt-in lading in low visibility. This human
performance issue was addressed in a laboratory study that is presented now.

Method

Experimental Task. The participants were required to amtrol a two-axis
carpensatory tracking task. The axes represented the lateral ard the vertical
position of a similated aircraft. Speed was held amstant. The task was designed
to provide a low-fidelity similation of the firal stage of a straight-in landing with
a 3° glide slope an a target rumay . The task, however, did not similate the
system dynamics of a real aircraft, but used a pure fivst-order systeam in both
axes. Deviations from target values in both axes were driven by a random-like
distiroance irput dotained by the sumof five (lateral) ar for (vertical) sire waves
varying in frequency and amplitude. The chosen frequencies and amplitudes are
depicted in Teble 1. The resulting input wes added as rnoise to the position of the
aircraft during approach. Consequently, the disturbence impact an the visual
cues in the display increased as the aircraft agorcached the threshold. While an
amplitude of 50 mmeant anly a displacement of 5 pixels at the starting distance
of 3000 m it increased to a displacarent of e.g. 30 pixels at a distance of about
500m to the threghold. Ganerally, hich anplitudes were dhosen for low frequencies
ard vice versa. Initial phases of sire waves were randamized to provide a different
disturdeence imput far each trdal yet meintain an equal task diffiailty across trdals.
Ctrol dynamics remained the same wder all display canditions that will be
described. Participents used a joystick to aotrol deviatians in both axes. Alraaft
position relative to both the lateral target position ard the namiral glide path
were stored at 20 Hz from which the average root-mean square error (RMSE)
was caladlated off-lire.
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Display Conditions
Tre display of deviatias fran the lateral ad vertical taroet differed ard resulted
in three display caditians (Figre 7).

Table 1
Disturbance input to the first-order system dynamics
Am plude Frequency
fn] Hz]
Vertical 5.0 02
2.0 04
5 10
25 333
Horzon@al 50.0 02
9.0 04
50 083
30 166
15 333

Visual PAPI (baseline condition) . Participants viewed the larding aid imegery
of a standard 4-box color PAPT located left to the rumay trapezoid alag with a
HD-1like superimposed primery flight display (PED) . Only altitude valued varied
as speed was held constant at 97 knots. Heading also ramained fixed at 360°.
No pitch ard roll imput wes possible. Deviation from the 3-degree glide slope
arngle could be derived fram the PAPI principle, with which all pilcts were familiar,
i.e. the a-slope state was indicated by two red and two white lights (see Figure
7, ridght), with three red lights being a slightly below-slaoe, ard forr red lidhts a
very below-slope indication. Above-slope indications corresponded to the
reciprocal pattem of three vhite (slightly above) ard four white (hich above)
ligts. Visual cues for lateral guidance had to be derived fram the digplacement
of the rumay synbol. Like in real flights, the gearetry of the rumay does also
cawvey information an the height axe the pilots becore familiar with how it
should lock 1like when they are an the nominal descent. Further cues on the rate
of descend could be derived from the speed of altimeter changes.

Radar-PAPI. Ten pairs of comer reflectar imeges were digplayed to mark the
detected ruway . Pairs were equally spaced with a fixed distance correspanding
to 200 m. Four diplanes arranged in a horizantal row became visible at the fraont
erd of the comer reflector pairs (see Figure 7, left) . The distance of this row to
the front pair of comer reflectors was sweller than the distance between each
peir of corer reflectars to alleviare the diffiaulty to distinguish between diplares
ard corer reflectars. A vertical lire served as a visual tarcet for lateral traddrg
ard had to be kept within the comer reflector imege pairs. A firther vertical
reference lire an the left sicde of the screen provided an indication of the distance
between rumay arnd aircraft (major tick marks at every 500 m, minor tick marks
at every 100 m without exact rumerical values given) . Glide slope deviations
were indicated following the coding scheme illustrated in Figure 4. Since this
imegery does not provide any visual cue for the rate of descard, a vertical ber
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indicating the rate of altitude changes was located in the center of the screen.
The size of the upward or dowrmerd move of this vertical bar gave an indication
as to the clinb or the descerd rate, respectively. Participents were instructed
ard trained to avoid clinbing to capture the glide slope fram below, insteed,
should try to intercept the glide slape with lowering the descerd rate or with

Radar VASI. This cadition anly dif fered from the Radar-PAPI candition by
the gpatial arrangament of the diplane reflector imeges. As shown in Figure 7
(middle), a two-over-two arrangement was chosen acoording to the VAST landing
aid aooet alresdy 1llustrated in Figare 4 (rddht) .

Figure 7. Display coditions: Radar-PAPT (left), Radar-VASI (middle) ard visual
PIFT (rigt)

Participants

Fourteen male volunteers participated in the study . Thirteen participants were
licensed pilots at the Private Pilot (PPL) level (N=6) or higher (N=7). Qe pilot
was in PPL traimirg. All higher-rated pilots were in possession of a valid TFR
rating. The VER ard the TFR groups did not differ with regard to age. The age in
the VER group that included the pilot in PPL training ranged fram 25 to 45 years
(M= 32.43, 9D = 6.27) ard the age in the IFR group ranged from 24 to 46 years
(M=31.71, SD=7.87). Total flight experience ranged fram 17 to 550 hours (M
= 150.65, SD = 180.02) in the VFR group and from 220 to 4000 hours M =
1000.00, SD = 1392.47) in the IFR group

Apparatus

The task was programmed in Visual C++ using Open-GL graphic libraries for
the display and was implemented on a laptop camputer equipped with a 15-inch
TFT screen.

Procedure

Testing sessians started with a short introduction that provided some
backgroud information on tedmical aspects of the MW forward-looking sensor
ard associated EVS issues. This introduction included a video sequence recorded
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durirng the functiaal field test of Stdy 1. This video showed sequences of real
radar imeges sensed while the research aircraft intercepted and captured a 3-
degree glide path from below and passing a grass ruway upon which four
diplanes in VAST arrengement and eight pairs of comer reflectors had been
installed. This dammstrated the transitio tlrough the full state rarge of glide
path argles covered by the diplanes. Next the participants were demonstrated
how to antrol the experimental task, which they subsequently trained for about
45 min. Each straight-in landing trial lasted about 70 s and ended upon
touchdown. In all Radar-PAPI and Radar VASI trials, an indfication (the letters
“IH" for decisian height) appeared in the bottom of the screen when an altitude
of 100 feet was reached. At that time the participents were instructed to press
the gpace-lar of the laptap keyboard, which switdhed the screen to the perspective
visual PAPI view doscured by heavy fog. The participsants copleted the trial
with this view.2n overall of 30 training trials was corpleted by each participsant,
10 for each display caditiom in the arder of first visual PAPI, second Radar-
P2API, ad firelly racar VASI. The following test session included 15 trdals perfarmed
in blocks of 5 trials varying the three display caditians. Block arder was courter-
Ialanced across participents. The test session ended with a debriefing during
which the pilots described their experience with the task and their preference
with recard to the two radar display canditians.

Results

The average RMSE scores for both axes were calculated for each test trial.
A three-way split-plot aralysis of variance (ENOVA) design (Kirk, 1982) was
used for the statistical evaluation. The design irvolved a between-suoject factor
varying pilet rating (VER vs. IFR), a within-subject factor of Display Gadition
(Visuel PAPI, Radar-PAPI, Radar VASI), ard a secad within-subject five-level
factor of Trial Nurber (one through five) . The mumber of degrees of freedom of
the F-ratios was corrected for sphericity violatians using Greenhouse-Geisser’s
epsilo ard significant effects irvolving more then two factor levels were further
evaluated by means of multiple comparison tests using Bonferoni adjusted
significance levels. Separate ANOVAs were camputed for lateral and vertical
average RMSE scores using the GIM procedure of the SPSS statistical software
package.

Vertical Tracking. The ANOVA indicated that the average vertical RVEE did
ot vary significantly as a fimction of any of the experimental variables (all p >
.05) . This also goplies for the slight perfomence superiority of the IFR group
over the VER graup. As Figure 8 (upper panels) demonstrates, performence was
remerkably stable across trials in both groups, with anly the TFR group showing
a tendency of ketter performence using the visual PAPT display. In fact, a sgarate
ANOVA computed on the data of the IFR group anly, revealed a relidble main
effect of Display Caodition (F(2,12) = 7.14; p < .01) that anfims this.

Lateral Tracking. The ANO VA revealed a hidhly reliddle main ef fect of Display
Codition (F(2,24) = 50.08; p < .001). Best perfommence, i.e. lowest RMSE
scores, in both groups were dotained under the visual PAPT caditian, which is
confirmed by the ocutcore of the miltiple comparison tests that revealed a
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significat dif ference between the visual PAPT condition as compared to both
Radar-PAPT and radar-VAST caditians (oothp < .001) . A superdarity of the TFR
group as indicated by smaller average RVMSE scores was merginally significant
(F(1,12) =3.59, p= .08). Hwmever, a significant Pilct Rating by Display Codition
interaction effect was foud (F(2,24) = 5.21; p < .05) . The source of this effect
can be seen in Figure8 (lower panels). The performance in the VFR group was
poorer under the Radar VAST candition as campared to the Radar-PAPT caditim,
whereas no such dif ference coaurred in the IFR group. As alresdy stated for the
vertical traddrg ervar, the performence was rather stable across trials with anly
ae autlier seen in the fifth trial of the VER group where the performence in the
Radar-PAPI cadition became erratically worse.

VFR Group (N=7) IFR Group (N=7)
30 s
25 - |25
& 20 - |20
Vertical 2 z
Tracking ¢ 15 i 15 &
m o
g 10 : [10 &
5 Am—0<<3 |5
0 0
30 - : 30
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B 20 |20 W
Lateral £ N o 0 2
Tracking X 45 - f.‘:—{/{‘\g%‘ﬁ 15 &€
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Figure 8. Average tracking error (upper parels: vertical tracking, lower parels:
lateral traddrg) as a finction of trdal ard separated for three display caditians.
Left panels: VER-pilots, right perels: TFR-pilots.

Subjective Preference. In the VER graup all but ae pilct preferred the Redar-
PAPI display over the radar VAST display. In the TFR group three pilots preferred
the Radar-PAPI, three the radar VASI codition and ane pilot indicated ro
preference. Reasons for Radar-PAPI preference were that this display enabled
an eagier separation of diplanes fram comer reflectors and provided a better
indication of extrare glide path deviatians. Pilots who preferred the radar VAST,
o the other hard, liked the close praxdmity of the group of diplanes to the
comrer reflectars and indicated that they felt it easier to similtaneocusly control
both axes this way. In fact, this statement agrees with the better radar VAST
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lateral traddrg perfamence in these pilots. Almost all pilots expressed feelings
of surprise about their good leaming progress during training. Most pilots
corplained about not having arty cue as to where exactly to expect diplane
images as lang as they were not visible. They would prefer to be supported by
sare kind of marker cues. Rather than having difficulties with the radar imeges
they expressed to have the most trouble with the unfamiliar system dynamics,
which clearly was not ane of a real aircraft and required constant ard at times

heavy aontrol input.

Discussion of Study 2

The analysis of the average RMS tracking error revealed sare interesting
findings. Deviatians fram the vertical glide path were srell and reverkebly stable
across trials and display conditions in both pilot groups. The average RVSE
was merkedly higher in lateral then in vertical traddrg. A superiarity of the vissl
PAPT coditions emerged in the ef ficiency of lateral tradking. Ruthemore, the
pilots with TFR rating cuperformed the VER pilct in lateral tradking, in general,
ard under the radar VAST cadition in partiadlar . There are a variety of possible
explaratians for this pattem of results. First, the lateral distirbence imput was
larger in amplitude as carpered to the disturbence anplitude used for the vertical
traddrng logp. This explains the upwerd shift in average tracking error, but ot
the differential pattem. Tt is very likely that vertical tradkdrng was engesized
with higher pricrity over lateral tradking. n the ae hard, this ergesis, per se,
is stressed by the central research question uder scrutiny, i.e. the qestim
whether MW radar imeges can provide visual glide path cues. The higher
proficiency of the IFR pilcts mey indicate that this grop (1) has more spare
capacity to aarrrol the secaxary lateral tradking task, (2) use more efficient
visual scaming strategies to sanple both comer and diplane imeges, hence,
showed better divided attention (Wickens & Hollands, 2000) (3) produced less
crosstalk between aotrol over both axes, i.e. the aatrol imput to ae axis
interfere less with the irput to the other axis (Fracker & Wickens, 1989), or (4)
were less dependent an the visual gearetry cues provided by the perspective
rumay trapezoid and can better use the vertical target line, which behaved
gimilar to a localizer .A mix of these ef fects is nost likely to have taken place.
Regardless of what exactly was the origin of the performence advantage of the
IFR grap, the fact imdicates sare pramnising criterion validity of the artificial
part-task similation with regard to more realistic straight-in landing scenarios
where an IFR education would most likely be an advantage as well .

The slight advantage of Radar-PAPIs over radar VASIs, which agrees by and
large with subjective preference statements of the pilots, correspads to the
respective advantage fourd with the exdisting visual colar-light landing aids (Castle,
1983) .

Study 3

Study 3 sought an inplamentation of the radar-PAPT aaxspt in a more realistic
cockpit ervirament. The study had three major goals:
1 Interfacing a MW radar imege generator with a high-fidelity fixed-
based cockpit similator,
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2. Exploratio of the display conospt for radar reflector imeges. and
3. Trwesticgtion of task allocatio issues of pilct flying (PF) ard pilct
mn-flying (B\F) .

W ith the inplarentation of the Radar-PAPT caxept in a hich fidelity similatian
it was expected to broaden the enpirical kasis of the humen performance aspect
of this aoospt to a more realistic envirament. The results of Study 2 indicate a
critical weskness of the plane-view radar settings for efficiat visual infometion
sanpling to aofrol lateral path deviations in coyparism to the perspective view
provided by the traditiawl PAPL. As already outlined above the transformetion of
the radar imege data to create a perspective C-saope imBge is possible but will
always cawey ureliable height infometion to the pilot. Therefore, a potential
superiority of the C-saooe over the B-soope display an pilot performence as well
as the potential perfommance impact of the inplied height error in the C-sogee
display were assessed in Study 3. For this purpose, three altitude ervor caditians
were nested within the C-soope display condition (Om, 15m 25m) . Addressing
the third goal in the list above, another issue was the question of how to allocate
tasks between the two-pilct crew durirg a straight-in landing in low visibility.
Therefore, we inplarented a third display cadition by varying proosdiral aspects
of crew coordination. The BNF's role was to derive localizer and glide-slope
informetion from a B-saope display ard to guide the PF in a similar mermer as
a military aotroller does usitg a Precision Approach Radar.The PF maintained
outside scene monitoring using a HID. The evaluation is based on dojective
performence data and subjective workload and situation awareness ratings.

Method

Participants. Six volunteers participated in the study . Two pilots were licensed
at the Private Pilot (PPL) level ard four were comercial pilots (CPL: N=2;
ATPL: N=2) . All pilcts were in possession of a valid TFR rating. Age ranged from
25 to 46 years (M= 33.00, SD = 7.77). Total flight experience ranged from 230
to 4000 hours (M = 1130.00, SD = 1478.11). All pilcts had alvesdy participsted in
study 2.

Experimental Setup. The experiments were corpleted using a fixed-base
aockpit simiator, which is a flight similator based an the Aivus A320 aircraft
sugported with 180° width x 40° height collimated cutside view.

Simulation Scenario. The task for the flight crews was to perform an aporoach
ard larding to the rawmay 28 of Awrich Intermatiaal Alrport under CAT IT coditias.
This nurmay is anly equipped with a VCR. Furthemore, the final phase of the
approach to norwmay 28 aansists of a lang 3° segrent followed by a steep 3.7°
final to avoid mountainous terrain (see Figure 9) . Thus, the standard TER gpproach
to runway 28 is to follow the VOR/DME guidance until MDA (minimum descend
altitude) of 904 feet above groud ard then perform a visual apprcach using the
PAPI lights for vertical guidance. For the tested scerario under CAT IT visel
aaditians the flight crew was instructed to follow the standard agoroach procedire
until MA ard then to use the radar imege for further lateral ard vertical guidence
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to the new decision height (OH) of 100ft. At IH, the flight crew had to anfirm
visual amtact to the rumay to conplete the landing.

When visual contact is established intercept PAPI glide slope Da.o
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Figure 9. rpreach dart (vertical profile) to Aardich 28.

In the similated scenario 13 pairs of comer reflectors were used to mark the
runway .The Radar-PAPI system amsisted of 6 diplane reflectors located between
the first and second comer reflector pairs. For the experinments a MW radar
similator was used to generate radar images from our Zurich Airport database
including the reflectians of the respective radar reflectars. The kasic parameters
of the similated radar were quite similar to those of the existing MW radar
sensor HiVision of EADS (Pirkl & Tosparm, 1997). The azimuth resolution was
about 0.2° with a coverage of 40°. The meximum scamming distance of the
similated radar was about 5000 m with a resolution of 10 m. An exanple of the
resulting radar B-saope imege is depicted in Figure 10 (left) .

Display Conditions. In this study three different display caditions were
investigated. In the first two canditians the PED of the PF was replaced by a
display including the radar imege in B-sagee representation (Figurel0O left) and
C-sope (Figurel0 right) representarian, respectively.The nost inportant aircraft
state infarmetion, like speed, heading, altitude, radar heidght, ard sink rate were
added to these displays, too. In both display conditians the task of the PF was
to follow the standard VOR/DME approach using these new PFDs and the
stardard Nevigation Display until the radar reflectors becare visible in the radar
imeges. Then the pilot had to use the radar imeges to derive the necessary
lateral ard vertical guidance to carplete the final 3.7° segrent of the aporoach
to ruwmay 28. The primary task of the PNF was to monitor the ocutside scene
and to inform the PF when rumay structures became visible (at DH of 100ft)
ard where the rumay was located with respect to the aircraft’s position.
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Figure 10. Radar image on a modified PFD. Top image: B-soope representation
together with aircraft state data such as speed (136 kn), heading (277) altitude
(1500 ft), radar height (84 ft), and vertical speed (1000 ft/min) . Bottam imege:
Perspective C-scope representation with an overlay of PFD symbology. Wittin
Ioth radar imege representation the informetion for lateral (comer reflectors)
ard vertical (diplane reflectors) guidance infometion can be identified easily:
Here the aircraft is an centerline and an slope.

For the third condition the B-soope display was presented to the BNF and
the PF used a HID. The task of the BNF was to derive guidance information
from the B-scope image and to generate guidance commands to the PF. Rx
vertical guidance the ENF generated sink rate comernds such as “sink rate:
900" to the PF; for the lateral guidance heading commends such as “heading:
275" were generated in the first segrent of the fimal aporcach. For gmller
corrections during the last 2000 m of the approach comarnds such as “to the
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left” ar “to the rigt” were used to quide the PF uitil he identified the viswal
omtact to the rumay and conpleted the landing visually. In Figre 11, the
autside scere at a height of 90 ft (shortly after IH) through the HID is depicted.
In the HD aly aincraft state data like speed, vertical speed (VS), altitude,
radar heidht, or heading, but no guidance information (e.g. IIS) was displayed.

Testing sessians started with a short introduction to the tasks ad to the
aodkpit similator itself. In a training phase of 30 to 60 mirutes the pilots had the
chance to familiarize thamselves to the similator and the different display
aoditias. After that each pilot had to perform three aporcaches for each display
condition. The sequence of display conditions were counterbalanced across
pilots. Within the C-soope display caditians, different heidht errars (Om, 15 m,
ard 25m) were introduced and pilots were held maive as to what height error they
would encounter. For the dojective perfamence quantification the aircraft state
data was recorded at 20 Hz. From this data lateral ard vertical deviatians fram
the target approach path were camputed.

Figure 11. View through the HID to the ocutside scene under CAT TI vissl axditias
at a height of 90 ft aoove the rumay .

Subjective Questionnaires

After each block of three similatiom trials per display cadition, the pilct
conpleted two subjective questiamaires.

Mental workload. The NASA-Task Load Index (NASA-TIX) (Hart & Staveland,
1988) was used to assess subjective workload.

Situation Awareness. The Situatiaal Awareness Rating Technique (SART)
(Taylar, 1990) was used to examine potential between-display dif ferences in
subjective situation awareness associated with the approach-and-landing task
performed. We used the original SART scales onsisting of the three primary
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SART rating dimensians: (1) demend an attentional resources (D), (2) supply of
attentional resocurces (S), ard (3) wderstanding (U) with 10 secadary rating
dimensions nested within the three primary ones (see Eurocontrol, 2003)

Results

The straight-in approach-and-landing scenarios were divided into two segrents
with regard to distance to threshold. Segrent 1 ranged fram 4000 to 2000 meter
to threshold ard segrent 2 from 2000 to 500 meter to threshold. Iateral deviatians
ard vertical angle deviations fram the target precision glide slope were scored
as root-mean-square errors (RMSE) . Two separate 2 * 3 univariate analyses of
variance (ANOVA) were carputed for lateral and vertical RMSES, respectively.
Scores were averaged across the three scenario repetitions within each display
aadition priar to ANO VA computation. ANOVA factors were display codition
(three levels: B-soope, C-sogpe, HID) ard flight segment (fivst vs. secad).
Both factors were varied within subjects. Degree-of-freedom adjustments of
significance levels were performed using Greenhouse epsilon, when a
heterogenecus variance-covariance metrix was detected by Mauchley’s sphericity
test following the GM repeated measures procedure of the Statistical Package
of the Social Sciences (SPSS). In a subsequent ANOVA the three C-soope
trials were amalyzed for the influence of the experimantal ly induoed altitude error
(o ervar, 15 neter, 25 meter) an the vertical ard lateral REE indicatars of flight
path performance.

Vertical Tracking. The ANOVA revealed a relidble main ef fect de to the
flight segrent (F(1,5) = 8.274; p = .035) caused by a significant increase in
average vertical RVEE in the secad as conmpared to the fivst flight segrent. A
main ef fect of display condition was not foud (F < 1), however, a mlidde
interactio effect between flight segrent ard display codition was ford (F(2,10)
=12.27; p= .007). As Figwe 12 (vidht parel) illustrates, this interaction pattem
resulted from the finding that an increase of average RMSE from the fivst to the
second flight segment occurred only in the B-soope and the HID conditions,
whereas an opposite effect of an average RMSE reduction occurred in the C-
soope cadition. The subsequent ANO VA hased an the three C-soope trials to
examine the inmpact of altitude error and flight segrent an vertical RMSE scores
did ret yield any significant results @11 p > .30).

Lateral Tracking. The pattem of significant ANOVA e fects fourd with the
lateral RMSE score were the same as described above for the lateral scores,
i.e. amein effect of segrent was reliable (F(1,5) = 9.17; p= .029), amein effect
of display codition was lacking (F < 1), and an interaction effect between both
factors was foud (F(2,10) = 7.01; p = .016). However, the meaning of these
effects was quite differat to that ford with the vertical saores. First, the average
RVSE was smaller in the second compared to the fivst flight segrent indicating
a performence improvement closer to the threshold. Figure 12 (left penel)
illustrates, also that, the interaction effect hed a quite different cause then the
ae ford with vertical path tracking. Performence was stable across both flight
segrents with the C-saope display. Little improvement occurred using the B-
scope display; however, a marked improvement occurred in the HID condition.
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Taking both flight segments together points to an adventage of the C-soope
display . The ladk of statistical amfidence for an ef fect of display caditians was
meinly a result of a huge standard error fourd in the B-saope cadition (three
times as high as in the other two coditians) pointing to individual differences. Tn
fact, two pilots performed extrarely poor, ard two other pilots extrarely well in
this condition. The other two display conditions produced much more
homogeneous results. The ANOVA kased an the three C-soope trials also did
ot yield any significant effect of different altitide errars for the lateral RVEE
saaes (@l p > .20).

Lateral Vertical
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Figure 12. lateral ard vertical flidht peth deviation errar as a function of first ad
secard flight segrent separated for three display conditions

Subjective Questionnaires

All suojective questiamaire data wes aralyzed in ane-factorial ANOVAS
Involving the three-level factar of display cadition anly.

Mental workload. The evaluation of the untransformed NASA-TIX ratings
averaged across all six suo-scales slightly failed to reveal a reliable effect due to
display cadition (F(1,5) = 4.63; p = .061). Nurerically, the results suggest
higher subjective workload experienced in the B-soope (M =11.19) as conpared
to the C-soope M = 7.39) ard to the HD cadition ( M = 8.00) an the scale
ranging from 0 (no workload) to 20 (hich workload)
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Situation awareness (SA). First, all three prinery scales, often referred to
as the 3D-SART (Burocontrol, 2003) were amalyzed in three separate AN O VAS.
Average resource demand vas rated highest for the B-sape (5.5), intermediate
for the C-soope (4.0), ard lowest for the HD (3. 5) codition an the 7-point
Likert scale labeled Iow (vating point 1) to High (rating point 7) . These differences
caused a significant main ef fect of display cadition (F(1,5) = 11.47; p = .003).
Statistical post-hoc comparison of means (Bonferroni-adjusted) indicated a
significant difference between B-soope and HD (p = .035), a mexginal difference
between B-scope and C-scope (p = .052) and no difference between C-scope
and HD (p = .61). The results dotained with the resource supply scale had
almost the same pattem as the resource demand scale (highest score in the B-
saoee cadition) indicating the fact that the perceived higher demard in gaining
A is respaded to by a higher amount of attention and effort supplied to the
sitetion. The effat is satistically a little bit swller, yeb aif ficierly relidde
(F(1,5) =5.35; p=.029). No significant differences were doserved in the third
understanding scale (F < 1) suggesting the rotion that regardless of the darard
perceived ard the effort needed to gain SA, no differences between the display
axditians were foard in the resulting quality of SA. A global SA-score was
dbtained by averaging the secondary scales nested within each of the three
primery scales (often referred to as the 10-D SART) ard subsequently using the
simple algorithm computed an these average values: SA (gldoal) = Understanding
— (Demand - Supply). The ANOVA performed an this score did not reveal a
difference between display coditions (F < 1).

Discussion of Study 3

The study investigated the question whether radar-PAPIs can replace
traditiasl visel P2PIs in lawvisikility .A straight-in landing scerario was chosen
that involved a VOR/IME approach that would usually require the pilots to
establish visual amtact at MA (here at about 900 feet aoove graund) in order to
intercept a visual PAPI glide slgpe. In the present study, CAT-II visibility (< 200
feet above grourd) was similated and pilots were instructed to contirue landing
by intercepting the Radar-PAPI glide slgpe. This scenario was chosen as it
represents the conditians, for which EVS may meke flight operatians less weather
dependent and which is addressed by the above-mentioned FAA rule charge.
The study compared three display formats and associated crew coordination
issues: (1) the PF views a head-down B- soopedisplayam'lswitches to visual
landing upon BNF's call-out that ruwmay is in sight; (2) the PF views a head-
down C-saope display and switches to visual landing upon BF’s call-out that
rumay is in sight; (3) the PF maintains outside viewing through a head-up
display (HD) that digplays primery flight guidance informmation. The PF receives
vertical and lateral guidance from the PNF who views a head-down B-soope. The
B\F quidance terminates upan PF’'s call-out that rumay is in sight.

The display with the highest similarity with the existing PAPI landing aids
based on color lights is the C-sogpe display. Here, the radar imeges are
transformed to erable a presentation in a perspective view.The other two display
conditions use a B-saope view, i.e. a flat plare-view raoresantation of the radar
imege. In geeral, the results show that all pilots could extract the glide path
information from the radar imeges to perform a successful landing under all
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three experimental conditions. Subjective workload and situation awareness
ratings suggest that the first condition (PF flies B-saope) wes experienced as
most demanding. Two almost equally long path segments, an early segment
(4000 m — 2000 m to threshold) ard a late segment (2000 m — 500 m to threshold)
vere differatiated for the arelysis of the lateral ad vertical fligt path deviatias.
This aralysis revealed an interesting pattem. Iateral tradking was best sugported
with the C-sogpe display, perticularly durirng the fivst segrent, whereass the
caditians ‘PF flies B-sogpe’ and ‘PF flies HID' pramoted poor lateral tracking
in the first segrent, however, improving in the second segrent. This interaction
pattern between digplay format and flight segment reversed in meaning when
the vertical tracking performence is considered. Here, C-scope performence in
the first segrent was poor but inmproved in the secand segrent, whereas initial
performence in the other two conditions supported with the B-soope format was
good but deteriorated markedly in the second segrent. Thus, a consistent
vertical ard lateral performence inprovement fram the first to the secad flight
segment only occurred with the C-soope display. In the other two caditians it
appeared as if improvements in lateral tracking from the first to the secad
segment ococurred at the similtanecus expense of detericrating vertical tracking
efficiency suggesting the notion of a performence trade-off associated with a
chift in attention enphesis.

In arder to explain this pattem of results there are several digplay phenarera
to take into acoount. First, as alveady mentianed, ane clear advantacge of the C-
saye display is its familiarity due to the fact that it mostly resables the
known visual PAPT concept. Furthermore, the geometry generated by the
perspective rumay-merking reflector imeges cawey external enviramental cues
far both lateral ad vertical flidhit path deviatians despite the fact thet the latter

might not be accurate because of the inherent potential height error.

Experimentally induced height errors, however, did reither af fect vertical mr
lateral flidght path tracking at either flight segrent. Pilots were mede aware of
the potential height error inherent in the C-sagpe display beforehand and were
instructed to foous an the diplare reflectors to cotrol the descent path.
Disregarding the exdstence of an absolute height error, the figral danges in the
geonretry of rurway markers produced during the descent behave much like a
anfigural or integrative display (Bamett & Flach, 1992) allowing parallel
processing of vertical and lateral guidance cues. It can be assured that pilots
used the vertical deviation cues provided by the diplares to calibrate the altitude
cues in the perspective rumay trapezoid generated by the comer reflectors. It
is further suggested that ance this calibration was achieved, path ard altitude
deviation cues could be derived from the perspective rumay doject of the C-
sagpe display allowing their parallel sarpling. The additiawl doservarion of further
improvements with the C-scope display closer to the ruwmay threshold is
amsistent with this suggestion for two reasans. First, the perspective numay
imege becares clearer in the final segment, enhancing the altitude and path
maintenance cues. Secad, the requirement for their parallel sanpling increased
in the final segrent, hence, the performance cost of the B-scope was greatest
in the final segrent as it did not allow parallel sanpling. The attention issues
imvolved will ke dealt with in sore more detail below in the general discussio.
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General Discussion and Conclusions

The new FAA rule an Fnhanced Flight Vision Systems (EFVS) requires pilot’ s
ability to unanbiguously identify numay structures in sensor imeges to aontirue
approaches below decision height ([H) in low visibility. Millimeter-wave (MVIN)
radar sensors provide the best penetration of adverse weather. However, de to
low resolution ard the underlying sensing principle of MW radar the quality of
the radar imeges is rather poor in carparism to infrared or TV-camera images.
Moreover, MW radar sensors can anly detect the structure of the rumay
lighting system and the rumay itself if there is enough ootrast between the
asphalt or the ooncrete arnd the swrrording grass area. More often than not
these structures carrot e identified reliably in radar ineges.

Tre idantification of the rumay can ke inproved drametically by the installation
of radar retro-reflectors at the landing site, which augment the crucial elearents
in the radar imeges. Radar-reflectors, hence, can act under IMC similar to the
ruway lighting system under VMC. This may become an even more important
isse inmilitary goeratians for landings in low visibility an unequipeed air fields,
e.g. an grass rumays that do not provide any oontrast cues in redar imeges.

Based an this rationale and in amalogy to visual approach aids we developed
a axeept of a so-called “radar-PAPI” system. This system relies an two dif ferat
types of retro-reflectars. A set of comer reflectors served to provide ruwmay
merkirgs required for lateral flight path guidance ard a set of glide-argle sasitive
diplanes served to provide vertical guidance. Proof-of-aoncept was examined in
three steps. First, a serdes of straight-in landings was aopleted with a research
aircraft equipped with a MW radar sensor on a rumay equipped with the
aoove-mentianed rader retro-reflectars. Secad, a low-fidelity part-task similation
of a straight-in landing was perfamed to answer the questim as to how efficiently
these kind of radar imeges can ke used by pilots to extract the PAPT categories
required far suocessful landings. Firally, a radar-imege generator was interfaced
with a high-fidelity geeric codkpit similator .2n enpirical study irvolving pilots
of the second study examined different cptions as to how to implement the
Radar-PAPI concept in the codkpit and also address crew coordination issues.
Results of the first study were promising in danastrating thet sufficiently relisble
lateral ard vertical guidance informetion can e extracted from the recorded
radar imeges. This poirts aut the geeral fuxctiawl feasibility of the radar-PAPT
axept. The secad study suggests that pilots leam the extraction of the visual
cues fran aarparatively noisy radar imeges surprisingly fast with the help of
cue augrentation provided by retro-reflectors. This aonclusion cauld e anfimmed
in the third study irvolving a much more realistic straight-in agoroach ard landing
simiation scenario. In general, Radar-PAPIs nay in fact replace the traditiaml
vismal colar PAPTs and can, therefore, endble safe landings on airports not
equipped with IS navigation support when no visual oantact can be established
at MDA. Both human performance studies revealed sore further interesting
findings an how to develop a display format for the inplementation of the radar-
PAPI coept. Particularly for the final phase of the approach (< Irm) the
performence benefit of a perspective display format energed. In the flat plane
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view (B-soope) a flight path/altitude performence trade-off occurred, which
irdicates the diffiailty of pilots to acmess vertical ad lateral gquidance infametion
in parallel. The underlying mechanism of this deficiency is most likely due to
fundamental attention processes. A similar flidht peth/altitude perfamence trade-
off was dbserved in humen perforrence studies at NASA-AMES on the atfentional
tunneling phenomencn when pilots use a HUD. Foyle, McCann, Sanford and
Schwirtzke (1993) and McCarn and Foyle (1994) used a low-fidelity flight task
simuilation ard instructed pilot subjects to maintain 100 ft altitude while
similtanecusly flying alayg a flight path trajectory defined by a set of pyramid
merkers located an a virtual terrain. This had to be acoorplished in the presence
of vertical ard lateral turbulence. Tn a HD cadition, a digital altitude reading
was superimposed, which resulted in improved altitude maintenance in
aorparismn to coditions without altitude informetion. The interesting finding,
however, was that this improvement ocourred at the cost of similtanecusly
increased flight path deviatians. Thus, in these studies, a flidht path/altitude
perfamence trade-off also coaurred, which point to impaired parallel sanpling of

information from the ocutside scene and the superimposed HUD symbology .

This performance trade-off again occurred in a further study (Foyle, McCam &
Sheldon, 1995) in which several HUD formats were compared using the same
flight task as in the earlier studies. In aoplete anfimetion with the earlier
firdirg, the flight pathy/altitide perfamence trade-off ocorred in a cadition were
the altitude reading (ooth digital ard analog) had a fixed location an the HD. Tn
another so-called scene-linked format, the altitude gauge an the HID becane a
virtual doject of the autside scene, i.e. the gauge noved in a conformel marmer
with cutside dojects during the flight. By means of such a scene-linking of HID
and cutside-scene dojects the performence trade-of £ was absent. Now, the HUD
improved both altitude ard flight path meintenance. Foyle et al. (1995) relate
this improvarent to a performence advantage of scene-linked HID display formats
dotained by rediced attentianal turmeling meaning by better divided attention. Tt
is suggested here that the underlying attention mechanism respansible for this
perfommence benefit is the same as the ane that produced the benefits of the
traditiael colar PAPT display in study 2 and of the C-soope display in study 3.
The crucial element is the formation of a comon visual doject from which
informetion for both flight path and altitude deviations can be derived. In the
present study, this was given by the gearetry of the perspective rumay structire.
In the study by Foyle et al. (1995), scene-linking sugported a percsptual
integration of the altitude infometion in the autside terrain imegery. These
interpretations are also in good agreament with Treismen’s (1982) feature

To cotrol the vertical ard lateral glide path sequentially was even more
necessary in the third condition of study 3 during which the PF received the
corresponding guidance commands sequentially by the PNF who monitored a
B-saope display . No merked dif ferences, however, were doserved to the caditim
during which the PF viewed the B-sogpe display directly.The cost of additiaal
transition lags caused by the indirect access to the required information mey
have been compensated by the fact that the A\F acting in this role was quite
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Another display phenomenon that needs to be considered here is display
chitter. Using the C-saope display the reflector imeges lumped closely together
when they first becare visible. The closer the aircraft got to the airport the more
they spread gpart. This clutter can be expected to ke less critical for lateral
rather then far vertical flidht path traddrg as the latter requires the sgoaration of
both reflectar types. In fact, the wole partem of results dotained with the C-
saope display anfimms this explanation in that lateral tracking performence
ramained rather stable, whereas vertical tracking improved in the transition from
the first to the secad flight segment. The B-sogee display did not produce
these clutter prdbleans, hence provided a much better spatial separation of the
reflector images. This pramted a better identification of guidance cues
partiaularly affecting vertical tradking in the first flight segrent. The doserved
display superiarity of a less clutter-prane plane-view display of the radar-PAPIS
more distant (> Irm) to the thredhold ad its inferiority die to less efficient
parallel ae sanpling to aattrol altitude ard flight parh in closer proxdmity (< 1
mm) to the threshold poses a quite puzzling design prdolem to be solved in the
future. Despite the fact that the inherent height error in the transformed C-sagpe
radar imege had no adverse impact an pilot performence, it should still ke bom
in mind that superinmposing a C-scope image with the cutside scene on a HID
carrot be achieved satisfactorily.This remains a weakness of the MVIW-sensor
as campared to the IR-sensor .An enhanced vision concept that uses the MVIW-
sensor in combination with an IR-sensor may be an option to compensate for
the weakness of both sensors. Consider a landing under light fog or haze. The
IR sensor may provide an augmented perspective vision, but may not provide
enough vision needed to perceive color PAPIs. The MMW sensor used in
conbination with passive retro-reflectors could conplenent the type of landing
with a Radar-PAPT glide slope. With the addition of syrthetic vision derived from
terrain datalases adapted to the actiel aircraft position state, firther inprovarent
in pilot vision under adverse weather can be cained.
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travel consumers. Since then, the AQR results have been avail-
able to assist government in decision-making as well as to help
airlines identify service gaps. Initially, the national AQR reports
used weighted averages and monthly performance data in the ar-
eas of on-time arrivals, involuntary denied boardings, mishandled
baggage, and a combination category of customer complaints from
which major airline comparative performances were reported. In
order to further strengthen the significance of the AQR results and
prepare the comparison of major airlines’ service for aviation en-
thusiasts (airline managers and the flying public), this paper revis-
ited AQR data sets and reanalyzed four previous reports (2000,
2001, 2002, and 2003). Benchmarking techniques were utilized to
assess airlines’ AQR performance and track the comparative ser-
vice quality for major U.S. airlines’ domestic operations. Based on
the benchmarked outcomes, an airline’s operational deficiencies
can be retrieved, while simultaneously opening a window for pub-
lic review and service improvement.

Tre initial dojective of the A0R was to develop a method for accurately
measuring airline service quality. Since 1991, the Airline Quality Rating (A0R)
reports have successfully ocontributed insightful measurements to the air
transportation industry, and their influence with the aviation business has
continuously grown (Goodman, 1992, Zpril 29; Marm, 2000) . Todate, the AQR
reports have been widely recoognized and are available for airlines to praomte
service quality and attract potential passengers (Spencer, 1999). Statistically
gpeaking, most air carriers are sesking to better amtrol their service quality by
quantitative methods (Bowen, Headley, & Iuedtke, 1992), ard the results of the
aruel AR are cawenient for airline industry to better aporoach their business
goels. By further bendmerking airline service quality, air carriers can use
bendmerked findings to reveal the existing wesknesses of their past and aurrent
services. In so doirg, airlines are able to aarpare their service with business
rivals ard therefore wisely prepare to bolster funure perfomence. The bendmerked
findings are also useful to the flying public for reomsidering airlines wo could
not satisfy passengers’ needs and interests.

Service Quality— A Brief Review of Previcus AQR Measurements

Since the first report in 1991, the AQR has revealed some up and down years
inairlires’ service quality. Fram 1991 through 1994, the AQR scores showed
declinitg perfamence for the industry (See Teble 1) . Durrg the firencially turdoulent
period between 1995 ard 1997, airlire quality slightly improved each year . However,
after 1997, AQR soores again began rapidly declining. The AQR has given the
flying pdolic a means to quantify airline service quality . The A0R chronicles the
airline service quality with a system that is fractured ard near a bresking point.

International Journal of Applied Aviation Studies



Table 1
Average Reports of AQR — 10 Major Airlines

Year | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999

Industry Average | -.017 | -.031 | -.070 | -.110 | -.0853 | -.0686 | -.0001 | -1.609 | -1.608

Note. The higher the average is, the better the service performence would be. Please

refer to the subsection, “Operatianal Mechanism of the AQR,” herein.

The Air Carriers’ Commitment to Passengers
In late 1999, in the weke of the urgent requirement from the Department of

Transportation (DOT) and the FAA regprding the protectiaon of airline passengers’
rights, fourteen (14) air carriers gave their service camitment to the aviation
comunity to better treat their custarers. The comitment to better passenger
service includes notification of flight delays, satisfying the needs of waiting
passengers due to delays, promptly awarding passengers refund airfare, and
being more responsive to passengers’ complaints (DOT Aviation Consumer
Protection Division, n.d.) . To acconplish the comitment, large airlines launched
the “Qustarer First Plan.” Althodh it wes sligitly dif ferat franairlire to airlire,
the aspects of the Qustarer First Plan concermed a miltidimensional conmitment
to pamper passengers. For instance, Nortlwest Airlines imposed several
operational strategies (based on the fundamental requirements from the DOT
ard the FAA) into its Custarer First Plan. The updated passenger service
standards included:
offering the lowest fares
notification of a known delay, cancellation, and diversians
on-time baggage delivery
the right of the passenger to cancel reservatians ard to ask for ticket
refurds
adequate accammodations for passengers with disabilities and spe-
cial ne=ds
satisfaction of custarers’ essential needs during lag delays
faimess ard consistency regarding the handling of denied-boarding
passengers

9 discloare of travel itireraries, ratiael caxellation policies, ad fair

frequat flyer nules

10) alrcraft anfigration infametion

1) standardization of service among code-share partners, and

12) a pronmpt response to customer ’s carplaints (Northwest Adrlires,

nd.)
Yet the autaare of the airline’ s service camitment was not available to the

flyirg pddlic.

U s e

D

@ S

Measurement of Former AQR Projects
Bowen, Headley, ard Kare (1998) first applied bendmarking tedmiques in
evaluating armwal AQR reports between 1991 and 1997. They stated that
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erndmerking airline perfamence wes a functiael way to mmitor “overall irdustry
performence ard the resulting effects of situatioal emvivament chenges” for
regulatary officials, firencial irvestars, ard interest grogpes (p.9) . By badmerkdng
service, airlines can locate gpecific service indicatars that need to be enhanced.
Although bendmerking airline quality does not provide solutians for the airlines,
bendhmarked airline service can identify critical issues for airline goeratars, wo
can then seek renedies for these deficiencies (Bowen, Headley, & Kane, 1998) .
Bowen, Headley, ard Iu (2003) caducted ancther review regarding mejor airlines’
AR scores between 1998 and 2001. They further suggested that airlines should
apply benclmarking teclmiques to contimucusly oversee their operational
performence ard pronptly resolve aoormelities by providing corrective actians.

Over the years, the ACR has provided dojective measurements in airline
service quality for the piblic, govenment, ard airline industry. In the meantine,
the project of bendmarking the AR has helped to pronote airline quality
Headley, & Kane, 1998; Bowen & Lu, 2003) . This article attarpts to: mse a
follow-up benchmarked assessment of the armual AQRs from 2000 to 2003 for
aviation enthusiasts, and (b) to contime a bendmerking amalysis tailored
soecifically far the airlirne irmdistry .

A Brief Introduction of AQR Measurement
Tre following section illustrates the aanospts of caducting the AQR analysis
before benchmarking airline services.

Selecting elements of AQR. Tre intent of the AQR reports was to of fer sare
doservations in the areas of most concem to aonsurers, such as antime arrivals,
mishandled baggage, irvoluntary denied boardings, and 12 custarer corplaint
areas. This information can ke useful in helping less familiar consurers gain a
perspective am issues of interest in the airline industry . Elements oonsidered for
inclusion in the rating scale were screened to meet two kasic criteria: 1) elarents
must be dotairable from published data sources for each airline; ard 2) elarents
must have relevance to consurer concems regarding airline quality. Data far
the elements used in calculating the ratings represent performence aspects of
airlines that were important to consurers. Factors included in the rating scale
were taken framen initial list of over 80 potaitial factors (Bowen, Heedley, Kare,
& Lutte, 1999) .

Raw data collection and individual weights of the AQR. The raw data of each
selected measuring elarent was originally retrieved from the armual Air Travel
Consurer Report published by the Department of Transportation (DOT), which
is very credible ard reliable; this data is believed by the industry to be bias-free.
Weights of selected areas were established by surveying 65 airline industry
experts regarding their opinions as to what oconsurers would rate as most
important (scaled from 0 [lowest] to 10 [highest] an the Likert scale) in judging
airline performence. The value of individual weight was assigned by the average
soore of the associated survey question in the returmed questiamaire. Survey
experts were dojectively selected as key informents in the 20R; the group of
experts camprised airport executives, airline menagers, meambers of aviation
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interest groups and orgenizations, custarers, aviation authorities, academia,
ard aircraft merufacturers. Such a range allows for the highest dojectivity and
lowest homogeneity in units of analysis. Mearmhile, each weight and element
was assigned a plus or mirus sign to reflect the nature of impact based an
answers’ percsption. Weights reflect the inportance of the criteria in aonsurer
decisian-meking, while signs (+ ar -) reflect the directim of impact that the
criteria should have on consurers’ ratirg of airlire gelity. Table 2 shows the
average-weidghts and the effect of impact retrieved fram key informents.

Table 2
Airline Quality Rating Criteria, Weight, and Impact
Criteria WEIGHT (+/-) IMPACT
oT On-Time 8.63 + Positive
DB Denied Boardings 8.03 - Negative
MB Mishandled Baggage 7.92 - Negative
CccC Customer Complaints 7.17 - Negative
Note. The twelve consurer complaint areas include Flight Prablems; Oversales; Reservations,
Ticketing and Boardings; Fares; Refunds; Baggege; Custamer Service; Disability; Advertising;
Toars; Animals; Other.

Operational Mechanism of the AQR. The 20R calculating mechanism permits
the carparison of mejor darestic airlines an a regular basis using a standard
set of quality factars (See Bpperdix 1) . The calaulating formila takes miltiple
weidghted dojective factors into axsideration in arrivirg at a single rating for an
airline (Bowen, Headley, & Iuedtke, 1992) . Befare the AQR, there was ef fectively
1o ansistent method for mnitoring the quality of airlines an a tinely, dojective,
and camparable basis (Headley & Bowen, 1997) . With the introduction of the
AR, amiltifactor, weighted-average approach became available for the public
about “how well airlines meet consumer concerns” (Spencer, 1999, p. 49).

The 2R is a weighted average of multiple elements important to consurers
when judging the quality of airline services (Goodmen, 1992, ZApril 29; Bowen,
Headley, & Lutte, 1993; Mam, 2000) . Tre fomila for calailating the AQR score
is posed as the following:

(+8.63 * OI) - (8.03 *IB) - (7.2 *MB) - (7.17 * CO)

AQR =
8.63+8.3 + 7.2+ 7.17)

When raw data of all selected factors (e.g., OT, DB, MB, and CC), weights
(e.g., 8.63 for OI), ard inpacts (e.g., “+ for OT ard “-” for IB, MB, ad CC) are
aabired for caladlation, it yields a sirgle-interval scaled value for an airline’s
lewel of gelity . The value of the AQR is comparable across airlines and time
pericds as well (Headley & Bowen, 1997) .
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Techniques of Measuring Airline Service Performence

In this peper, benclmarking teclmiques, combined with first-hand data
analysis, were used arnd important results provided. This section cutlined the
introduction of benchmarking teclmiques, procedures of benchmarking, and
display of bendmerked findings ard results.

Introduction to the Importance of Benchmarking Techniques

It is crucial for camercial industry to meke progress, meet custamer
requirements, becare nmore carpetitive, and generate profits. The benchmerking
tedmique is ae of the prevailing aids for achieving the desired business goals
(Camp, 1989; Patterson, 1996) . For example, in order to improve productivity
arnd enhance service quality, mary airlines (such as American Airlines ard
Southwest Airlines) conducted benchmarking analysis with success (Canp,
1989; Fitz-enz, 1993; Pattersmn, 1996; Tucker, 1996) . Soutlmwest Airlines used
bendmerking to accelerate both its aircraft refueling process ard the timaroard
time of its grouwd lugege cars; this helped to shorten the carrier’s grord
oeerating time and inprove its an-time performence (Fitz-enz, 1993) . Cawersely,
a lack of benchmarking was among a laundry list of prablems plaguing Trans
W add Airlines (IWA) . Focusing an price wars instead of its custarer service,
financial, or menagement performence, T WA's financial statement had been in
the red ink for five years without the carpany meking any increase in merket
chare in late 1980s (Fitz-enz, 1993). An independent benchmarking evaluation
revealed that custarer satisfaction in T WA's service had declined dramatically
during that pericd, which led to a loss of custarers as well as skilled enployees
between 1988 and 1991 ard to its banknuptcy in 1992 (Fitz-enz, 1993). T WA's
case highlights the importance of acaurately targeting and bendmerking husiness
performance.

Benchmarking Procedures

Plamming operational procedures plays an important role in benchmarking
methodology (Camp, 1989). Many researchers provided various sets of
benchmarking procedures based on their unique disciplines and research
purposes. The benclmarking remarks contributed by quantitative researchers
like Cap, Tucker, Pattersm, ard other researchers had synthesized a workable
set of benchmarking processes used in this paper, as autlined in the following
steps: (@) caladlate ACR scores from 2000 to 2003 reports and display general
findings; (b) decide specific elements to be benclmarked; (c) identify
bendmarking criteria; (d) conduct data analysis and corpare results; and (e)
fird the prdblems (Fitz-enz, 1993; Tucker, 199; Patterson, 1996; Neufville &
Guzmén, 1998) . The research framework of this paper had been constructed at
this point, ard the authors took benchmarking actions after AQR reports had
Ieen calculated. Because this paper was secking to benclmark AQRs between
1999 and 2002, (AQR reports of 2000 and 2003) and the database was ready for
use, a secondary data analysis was implemented corbining benchmarking
procedures.
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Benchmarking Airline Quality Based on Selected Criterion

The benchmarking tedmique is useful to target the performence difference
among units of analysis. Consequently, an enhancement progrem tailored to
bridge a specific performence gep can thus be framed (Keehley, Langmire,
Medlin, & MacBride, 1997) . Airline goerators should proactively and contimuously
search for the best practices for promwting custarer service through the usage
of benclmarking skills (Bowen, Headley, and Kane, 1998). To this ed, the
criteria of benchmarking should be defined beforehand and then compared to
the variance among performances. In this project, the bendmarking criterion
was defined as the amual industry average performence followed by a cross-
section and horizantal analysis. Researchers can easily doserve the difference
between airlines, as well as the deviation compared to the industry average,
thus enabling a detailed amalysis. By following the benchmarked analysis of
amual AR scores, readers could also identify gpecific airlines that either
performed well or needed to reform their poor service practices.

Reliability and Validity

The govermmental information databases could help researchers secure data
relizhility ad validity . The DOT' s database aoitains highly reliable and valid
informerion thet can ke adopted to satisfy both relidbility and validity criterda
(Berg & Latin, 1994; Creswell, 1998; Linooln & Cuba 1985) . In addition, in this
study, the reliability of the rating scale wes tested through determiration of
Cronbach’ s Algn caladlation, which resulted in a reliability coef ficiat of 0.87
(where 1.0 is perfect) (See Teble 3). This suggests that the AR is very relisble
ard that factor determination results would be similar for other aoparable sanples
(Bowen, Headley, & Iuedtke, 1992) .

Table 3
Reliability Coefficient
Measure Score Scale Result
Cronbach’s Alpha 0.87 0~1.0 Extremely high validity
N

AQR Score Display and General Findings

Based an 10 mejor airlines, the A0R industry average score shows the entire
industry declired in service quality fram 1999 (-1.87) to 2000 (-2.16), but inproved
in 2001 (-1.67) ard 2002 (-1.25) (See Teble4).

Table 4

Average AQR Scores
Score FY 1999 FY 2000 FY 2001 FY 2002
Industry - 1.87 -2.16 -1.67 -1.25
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Average

000
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Industry’s AQR

200

250
1999 2000 2001 2002

O averne 187 216 167 125

Note. Tre higher the score, the better the service. Average AQR scores are based
on monthly 2A0R score calculations using the AQR weighted average method as
reported in the cited research monographs. The calendar year is used to arrive at
the average AQR score for the year.

The average industry AQR score was -1.74, which was used as the criterion of
armual benchmarking analysis in measuring the overall AQR score containing
on-time performence, mishandled baggage, involuntary denied boardings, and
custarer carplaints.

America West Airlines (-3.43) ard United Airlines (-3.01) sericusly struggled
in providing a qualified service in FY 2000 report, yet their service performence
turmed upward in the FY 2001 and 2002 reports (See Appendix 2). Although
most airlines faced a service downturn in FY 2000, all of them mede progress in
FY 2001 and FY 2002. In general, the industry has fiercely campeted with each
other since FY 2000 according to the cawergent trend among airlines’ AQR
scores.

Table 5 shows the descriptive analysis of four years of performence by the
airlire irdstry. Because of the omsistent progress of AQR scores from FY
2000 to FY 2002, it is reasonable that the median shifted from -1.83 (FY 2000)
to -1.10 (FY 2002) while the mean (average) AR score increased from -2.09 in
FY 2000 to -1.12 in FY 2002. The standard deviation of FY 2002 was smeller
than that of year 2000 and 2001. This situation accurately mirrored a smeller
rarge of AR scores in 2002 than in 2000, which indicated a higher level of
Service aarpetition.
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Table 5
Descriptive Analysis of AQRs*

FY 1999 FY 2000 FY 2001 FY 2002
Average -1.83 -2.09 -1.53 -1.12
Standard Error 0.11 0.23 0.09 0.06
Median -1.85 -1.83 -1.48 -1.10
Standard Deviation 0.32 0.68 0.26 0.17
Sample Variance 0.10 0.47 0.07 0.03
Range 1.11 1.96 0.78 0.54
Minimum -2.39 -3.43 -1.97 -1.39
Maximum -1.28 -1.47 -1.19 -0.85

* Data does not contain T WA and American Eagle Airlines

Furthermore, the worst individual AQR score (-3.43) was found in FY 2000,
ard the best individual AQR (-.85) was dbserved in FY 2002. The descriptive
arelysis of AQR scores in FY 2000 indicated that the service performence of
targeted mejor airlines varied drametically (corpering the reports of FY 1999,
2001, ard 2002), which was also reflected by its larger standard deviation (.68)
as to that of the other years.

Finding Operational Deficiencies by Comparing Airline Quality

Orr findings revealed that the mmthly AR scores for the whole industry
declined from FY 1999 to FY 2000, but showed promising performance in the
2002 ard 2003 reports (See Apperdix 3) . The overall industry-wide performence
was capricicus across a four-year pericd an a manthly basis. The entire industry
maintained fair performance for most of 1999, but that performence dropped
substantially near the ed of the year. Service performance in most months
during FY 1999 and 2000 were below average, and overall airline service was
doserved to ke at the lowest point in FY 2000. Fortunately, airlines started to
improve in FY 2001 and achieved the highest AQR score in September 2002 (-
0.8) . This improvement begen in July 2001, while a missing section in 2001
resulted from the Septenber 11 attacks. All selected airlines in 2002 perfommed
above the overall for-year amial average (-1.74) . Interestirgly, airlines seaned
routinely to have difficulty in providing good service during Chiristies  (Decarter
and January) and in the sumer (June, July, ad August) .

In in-depth anmalysis should be conducted to locate the causes behind the
overall performance. Other correlated facts uncovered by the benclmarking
aralysis should also interest passengers, airlines, and to sore extent, the
govermment authorities. Southwest, Nortlwest, Alaska, and US Airways had
noteworthy performences over the period in question, and indeed a selected
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benchmarked analysis comparing five airlines and the industry average from
1999 to 2002 is discussed in the appendix section. Four benchmarked
evaluatians of airline service over the past four years also revealed significant
service deviations compared with armual industry averages.

On-Time Rates. The benchmarked AR chart shows that the overall on-time
arrival percentage declined from FY 1999 to 2000 (72.6 percent in 2000, carpared
to 76.1 percent in 1999) ard then increased to 77.4 in FY 2001 ard 82.1 percent
in 2002 (See Apperndix 4-1 & 4-2) . Alaska Airlines constantly performed poorly
in an-time service throughout the four years. Nortlmest Airlines encoumntered
difficilty meintaining its an-tine service in early 1999; after Sepraner 1999, its
on-time rates improved and remained above average. Southwest Airlines had
Superior an-time rates (althouch it experienced two difficult moths - March ad
Octaober, 2000) .

Involuntary Denied Boarding Rates. The cases of irmoluntary denied boardings
increased between the third quarter of FY 1999 ard the second quarter of 2000
(See Appendix 5) . Nortlwest Airlines and US Airways performed extremely well
between FY 1999 and 2002. Alaska Airlines appeared to significantly increase
their mmbers of denied boarding cases at the first quarter of FY 2002. The
industry average ramined amsistently low (0.89) . The denied boarding rates of
Southwest and Alaska Airlines remained higher than average throughout the
year from FY 1999 to 2002.

Mishandled Baggage Rates. The mishandled baggage rates were unstable
throughout the four years—FY 2002 (4.72 per 1,000 passengers); 2001 (4.55);
2000 (5.29); ad 1999 (5.08) (See Rpperdix 6-1 & 6-2) . Most cases of mishandled
baggage happened during the Christmas and sumer period. In particular, te
highest peak level of mishandled baggage occurred between December and
Jaruary of FY 1999, 2000, 2001, and 2002. Benchmarked results revealed that
Northwest Airlines had poor results in hardling baggege in FY 1999 and 2002
but good results in FY 2000 and 2001. Alaska Airlines had poor performence in
FY 1999, but remained cutstanding in this category between FY 2000 and 2002.
US Airways maintained stable progress in this category, and its misharndled
baggage rate declined from Jaruary 2001 to December 2002 on a monthly basis.
Southwest Airlines seemed more adept at handling passengers’ baggage than
Northwest Airlires.

Customer Complaint Rates. Overall custarer carplaint rates increased from
2.47 per 100,000 passengers in 1999 to 2.98 in FY 2000, but reduced to 2.11in
2001 and finally 1.22 in 2002 (See Appendix 7-1 & 7-2). Nortlwest Airlines
received the most carplaints in 2001 while Soutlwest received the least across
the for-year period. Alaska Airlines showed poor performence in the category of
customer complaints between December 2001 and December 2002, but Alaska
Airlines mede a great progress in 2002. Most passerngers filed their complaints
to airlines between: (a) July and Decenber in 1999, 2000, 2001, and 2002; cr (b)
during three extrenely poor service periods in Septenber 1999, Jarwary 2001,
and December 2001. The overall performance of this category in FY 2002
improved.
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Discussion and Conclusion

Tre findings of this study helped airlines to: 1) idatify the querarianl differaxe
as to that of their husiness comnterparts, 2) enhance an-goirng activities ard
Qperating structures, ard 3) provide better service to its custarers. Furthermore,
based an the firdings of this peper, the flyirng piolic aould idatify the airlines
that provide better custarer service. Although the industry’ s service quality
struggled in FY 1999, the industry had, an the whole, acaorplished its service
comitment as outlined in its Custamer First Plan after 1999 (FY 2000, 2001,
ard 2002) .

While the overall service had been enhanced in FY 2000, 2001, and 2002 in
relatio to the categories of an-tine rate ard irvoluntary denied-boarding, rates
of mishandled baggage and custarer corplaints increased. In particular, tte
service trend downturmed substantially in FY 2001. Both irmwoluntary denied
boarding and mishandled baggage cases remained high during the peak season—
summer and New Yesrs. This status quo has not been changed since the first
version of ACR was published in 1991. In order to reduce the cost of upholding
the “Qustarer First” comitment, airlines should sincerely amsider solving the
root causes of involuntary denied boarding and mishandled baggage. On the
other hard, potential passengers should preview airline’s service performance
based on the firdings of this study before bodking their next flight. By doing so,
pessengers will bear a gmeller praoability of encontering an unexpected “service

n-time rate is the most critical factar in this study Althoudh it is wise for the
airlire to gain a hidrer ACR by pramwting an-time performence, an-time departure/
arrivals are affected by many woontrollable factors. When just the nore
amtrollable elarents are amnsidered, the ten largest U.S. carriers maintained
an 82.1% an-time arrival record for FY 2002. This was better than the 77.4% an-
time arrival record for the imdustry in FY 2001. Across the industry, 0.72
passengers per 10, 000 boardings were bumped fram their flight imvoluntarily in
FY 2002. This is a 16% improvement in the industry rate of 0.86 denied boardings
per 10,000 passengers in FY 2001. On average, the Department of Transportation
received 1.22 custarer carplaints per 100, 000 passerngers for the ten largest
carriers in FY 2002. The volure of conplaints in FY 2002 represents a 42%
decrease in the rate of aoplaints over the 2001 rate. The corplaint rate for the
industry has stayed under 1 case per 100,000 passengers consistently since
August 2002. These complaints represent a wide range of areas, such as
cancellatians, delays, oversales, reservation ard ticketing prdolers, fares,
refurds, custarer treatment, unfair advertising, and other general prdolens.

In addition, o ae died in a camercial airline accident in FY 2002, meking
it the third year in the past decade (1993, 1998, ard 2002) to have been a
fatality-free year of qoeratians. Tn axtrast, the 2001 fatality total of 530, reflects
the deaths (265) an the four airplanes used in the terrorist attacks of Septenter
11, 2001, and the 265 deaths associated with the Novenber 12, 2001, crash in
Belle Harbor, New Yak. These fatal airline tragedies produced the worst year for
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fatalities in the past 20 for American comrercial aviation (Part 121 scheduled) .
Aocording to the AQR 2003 (FY 2002) report, appraximately 470 million pegple
boarded ane of the 10 largest U.S. carriers to fly somewhere inside the U.S. in
2002 (domn from 488 million in 2001) . This does not amnsider those intermatianal
travelers who departed fram U.S. airports. Regional and comuter carriers
acconted for an additional estimated 83 million passengers flying domestic
rautes as well (also 83 millin in 2001) . This totals an estimeted 553 millimn
peple flying to destinations within the U.S. in 2002 (down fram 571 millicon in
2001) . With the economic downturn since late 2000 ard the 9/11/01 terrarist
attacks, passenger volumes have dropped by about 20%. Fortunately, te
passengers are retuming regardless of the slow reverue recovery . While imdustry~
wide service quality is meking progress, passernger growth ard a retum to previcus
volures are predicted at a moderate pace over the next several years. Yet as
lag as the economy remeins strong and potential threats of terrorism can be
raredied, the flying public will use air travel at previcusly seen volures (Bowen
& Headley, 2003).

Final Thought

To date, rather then amsulting the regular Aviation Rulemeking Advisory
Committee (ARAC) members as mandated by the Federal Advisory Committee
Act and Administrative Procedure ZAct, the FAA’s rulenekers are joyfully
commnicating with industry-driven Aviation Rulemaking Comittee (2RC). Wih
the authority given by the Federal Aviation Administrator, the FAA's rulemakers
can overcare legislative bottleneck and inmprove governrmental productivity and
e ficiey . The usage of bendmerking skills carmot be limited to airlines and
the flying piblic; it also provides useful insidits to the FAASARC in examining
an airline’s effort (Qustorer First Plan) in prawting passenger service.
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Appendix 1
Airlirne Quality Rating Criteria Overview

The individual criteria used to caladlate the AQR scores are summed up in four basic
categories that reflect custarer-oriented areas of airline performence. Definitians of the for
categaries used in this AQR 2001 (2000 data) are ocutlined below.

OT:On-Time Performance (+8.63)

Regularly published data regarding an-tine arrival performence is dotained from the U.S.
Department of Transportation’ s Air Travel Consumer Report .According to the DOT, afligt is
conted an-tine if it is goerated within 15 mirutes of the schediled time shown in the carrdiers’
Computerized Reservations Systems. Delays caused by mechanical prdblems are counted as
of Jarwary 1, 1995. Canceled arnd diverted goeratians are coanted as late. The AR calculations
use the peroentacge of flidghts arriving an time for each airline for each month.

DB:Involuntary Denied Boardings (-8.03)

fram the U.S. Department of Transportatian’ s Air Travel Consumer Report . The data includes
the muber of passengers who hold confirmed reservations and are involuntarily denied
boardings an a flight that is oversold. These figures include anly passengers whose oversold
flight departs without them atcard. The ACR uses the ratio of irvoluntary denied boardings per
10,000 passengers boarded by month.

MB: Mishandled Baggage Reports (-7.92)

Regularly published data regarding aonsurer reports to the carriers of mishandled aggege
is dotained from the U.S. Department of Transpartatiay’ s Air Travel Consumer Report According
to the DOT, a mishandled bag includes clainms for lost, dameged, delayed, or pilfered bagoece.
Data is reported by carriers as to the rate of mishandled baggage reports per 1,000 passencers
ard far the industry . The AR ratio is based an the total muber of reports each mejor carrier
received from passengers concerning lost, dameged, delayed, or pilfered baggage per 1,000
passengers served.

CC: Customer Complaints (-7.17)

The criteria of custarer carplaints is mede wp of 12 specific aorplaint categories (outlined
below) monitored by the U. S. Department of Transportation and reported monthly in the Air
Travel Consumer Report. Custarers can file carplaints with the DOT inwritirg, by telegae,
via eteil, ar inpersm. The AQR uses conplaints about the varicus categories as part of the
larger custarer aonplaint criteria and calaulates the custarer carplaint ratio an the ruer of
complaints received per 100,000 passengers flown.

Flight Problems

Data are available by the total rumer of custarer carplaints pertaining to cancellations,
delays, or any other deviatians from schedule, whether plammed or uplamed for each airline
each month.

Oversales

This aoplaint category includes all bunping prdoleams, irrespective of whether the airline
conplied with DOT oversale regulations. Data is available by the total muber of custorer
aarplaints pertaining to oversales for each airline each moth.

Reservations, Ticketing, and Boardings
This category includes airlire ar travel agat mistakes in resevvations ard ticketing; prdolams
in meking reservatians and dotaining tickets due to husy teleghoe lines or waiting in line or
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delays inmeiling tickets; and prdolems with boardings the aircraft (exospt oversales) . Data is
available by the total nuncer of custarer aarplaints pertaining to ticketing and boardings for
each airline each moth.

Fares

As defined by the DOT, custarer carplaints about fares include incorrect or inconplete
infarmmation about fares, discoant fare coditians and availability, overcharces, fare increases,
ard level of fares in general. Data is available by the total rumber of custarer conplaints
pertaining to fares for each airline each moth.

Refunds

This category includes custarer aarplaints about prablens in dotaining refunds for uuised
aor lost tickets, fare adjustments, or kbearkrnuptcies. Data is availdble by the total rinber of
custarer carplaints pertaining to refunds for each airline each mmth.

Baggage

Claims for lost, dameged, or delayed baggage; charges for excess baggage, carry-on
prdblems, and dif ficulties with airline claim procedires; are included in this category . Deta is
available by the total rnber of custarer corplaints pertaining to beggage for each airline each
month.

Customer Service

This category includes corplaints about rude or unhelpful enployees, inadequate meals or
cabin service, ard treatment of delayed passengers. Data is available by the total rumber of
custarer aonplaints pertaining to custarer service for each airline each month.

Disability

Previcusly included as part of the Reservatians, Ticketing and Boardings Category (thru 6/
99), this category inchides amplaints doait civil ridhts viclations fran air travelers with disshilities.
Data is available by the total runber of custarer carplaints pertaining to disabilities for each

Advertising

These are corplaints aonceming advertising that is unfair, misleading, or of fensive to
custarers. Data is available by the total ruber of custarer carplaints regarding advertising
far each airline each maith.

Tours

This category includes carplaints about prabolems with schediuled or charter tour packages.
Data is available by the total rinber of custarer aarplaints pertaining to taws far each airline
each month.

Animals

This category, added in Octdoer 2000, tracks custarer carplaints about loss, injury, @
death of an animel during air transpart by an air carrier. Data is available by the total rinber of
custarer canplaints regarding animals for each airline each month.

Other

Data regarding custarer corplaints about frequent flyer programs, smoking, credit, cargo
prdolens, security, aiypart facilities, clains for bodily irury, and other prdolans not classified
above are included in this category. Swoking and credit, previcusly separate elements, were
added to this general category as of 9/99. Data is available by the total rumber of custarer
carplaints regarding other prdolams for each airline each manth.
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Appendix 2

Benchmarked AQR Scores - 2000 ~ 2003 Reports
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Appendix 3

AQR Industry Scores (by month) — 1999 - 2002
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Appendix 4-1

On-Time Rate - Four-Year Benchmarking Analysis (1999 - 2002)
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Appendix 4-2

On-Time Performance
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Appendix 5

per 10,000 passengers)

Denied Boardings - Four-Year Benchmarking Amalysis (quarterly,
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Appendix 6-1

Mishandled Baggage - Four-Year Benchmarking ZAnalysis

(per 1,000 passengers)
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Appendix 6-2

Mighandled Baggage
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Appendix 7-1

Customer Complaints - Four-Year Benchmarking Analysis

(per 100,000 passengers)
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Appendix 7-2

Customer Complaints
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Abstract

Personal electronic devices (PEDs) are becoming increasingly
common on board aircraft, as they are in all aspects of life. There
are concems that the electronic noise emitted by such devices
may interfere with sensitive aircraft equipment, particularly naviga-
tion equipment. Although it has not been possible to prove conclu-
sively that PEDs interfere with avionics, there is strong anecdotal
evidence that they have already done so, and experts agree that
such interference is theoretically possible. Thus, the safest course
of action is to restrict the use of PEDs during aircraft operation.
Generally, airlines ban the use of PEDs that transmit a signal, and
only allow operation of other devices when the aircraft altitude is
greater than 10,000ft.

A survey was conducted at three airports that assessed the PED
usage level, knowledge of regulations regarding PED, and patrtici-
pants’ perception of the dangers involved in PED usage. The sur-
vey revealed that 90% of passengers carry PEDs on board aircraft,
with mobile phones being the most common device carried. Par-
ticipants did not follow the regulations 100% of the time, particu-
larly with regard to mobile phones. Participants were more con-
fused about the regulations and dangers surrounding unintentional
transmitters as compared to intentional transmitters. Interestingly,
inconsistent airline policies and lack of education regarding PEDs
were considered the most likely reasons for this confusion.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.0O. Box 25082, Cklahoma City, OK 73125.



64

Introductian

Personal electronic devices (PEDs), such as mobile phones, laptop
camputers, portable games machines, and portable music players have becare
increasingly comon parts of everyday life and consequently more conmon cn
civil transport aircraft. The electramegretic noise routinely emitted by these
devices is suspected of interfering with sensitive aircraft equipment. Although
several studies have attenpted yet failed to recreate interference reported by
pilots, strong anecdotal evidence suggests that PEDs can cause interference,
ard experts agree that this is possible, particularly with higher power devices
(such as mdoile phones) that trensmit intentional signals.

PEDs can be divided into two separate categories, intentional transmitters
(mdoile phanes, pagers, and ramote control toys that must transmit a signal in
arder to anplete their finction) and wnintentiaal tranamitters (including laptap
conputers, music players, and cameras that do not need to transmit a signal to
operate but may still emit sare level of electraregretic radiation) (Subcamittee
@ Aviation, 2000) . Electramegnetic interference is caused by waves of energy
that all electrical devices emit where energy from ae device is radiated into
another and causes a malfunction (Strauss, 2001) .

Within an aircraft the electranic noise emitted by an electranic device reoords
fram the inside walls of the fuselage as the metallic fuselage acts as a chield
that prevents the signal from escaping (Ladkin, 1997) . Complex propagation
paths are set v within the axfines of the fuselage thet leed to sigwl cancellation
or intensification at different locations (A, 2000) . These signals can escape
from the fuselage through window'’s, hatch seams, and increasingly through
composite components (Li, Xie, Ramahi, Pecht, & Donham 2000; Air Safety
Week, 1996) . Once autside the fuselage, signals may be picked up by extermally
mounted antermas and interfere with aircraft systems. The navigation and
commnication systems are particularly wvulnerable to this interference, since
they are designed to acquire ard respad to relatively weak signals (Ladkin,
1997; Perry & Geppert, 1996) . Interference is most likely to occur when the
interfering signal is at the sare frequancy as the ‘real’ signals. However, there
are ciraumstances in which other frequencies can ‘bresk through’, perticularly if

At present, most PEDs cperate at lower frequencies than aircraft systems;
however, there is a clear trand in PED develaoent towerds the use of progessors
ocerating at higher frequencies Miller, 2002) . Additiawlly, PEDs may interfere
with aircraft systems via harmoiics that are miltiple emissians of the origimal
frequency of the PED (Ritchie, 1996) . Consequently, a laptop carputer goerating
at 55MHz will produce energy at odd harmonics i.e. 165MHz, 275MHz, 385MHz
etc. Each successive harmonic becomes weaker than the previous, yet may
still retain sufficient power to be recognized by a system whose frequency it
overlaps, resulting in interference (this is due to its ‘sguare clodk’ function)
(Helfrick, 1994). Given the rumber of different PEDs possibly carried an an
alrcraft, their array of frequencies ard associated harmonics, the resulting emitted
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energy covers almost the entire range of navigation and comimication
frequencies used by aircraft (Perry & Geppert, 1996) .

With the development of new and more powerful PED technologies operating
at higher frequencies, the possibility of interference and the range of systeams
that may be affected are increased (Donham, 2000; Air Safety Week, 2003) .
While it is unlikely that PED interference alae would ever dirvectly cause a
crach, it is not imprdosble that PED interference could aaoire with other factors
to create a duain of incidents ar factars that together result in an incident ar
accident.

Research

Although there is little hard evidance of PED interference to aircraft systars,
previcus studies have suggested the possibility.The United Kingdom (UK) Civil
Aviatimm Authority (CAA) has oconducted two such studies. The first stdy
examined the potential for interference fram mdoile telephones (AR, 2000) . It
found that transmissions mede from mdoile telephones in the cabins of two
different civil trangport aircraft aould induce interferance to a level grester then
the demmstrated susosptibility levels for aircraft equipment approved to pre-
1984 standards.

The second CPA study examined the effects of interference from mobile
telepghmes gpecifically an aircraft avianics eguipment (28, 2003) . It fourd that
mdbile teleghmes were cagpable of creating a level of interference resulting in:

Compass freezing or overshooting actual megnetic bearing.
Trstability of indicatars.

Digital VR navigation bearing display errors of up to 5
degrees.

VOR navigation To/Fram indicator reversal.

VR ard IS course deviation indicator errors with and without
a failure flag.

Reduced sensitivity of the IS receiver.

Background noise on audio outputs.

These studies also determined that interference from a PED could result in
false warmings of unsafe conditions, increased crew workload, reduced crew
anfidence in protection systars, crew distraction, and noise in crew headghones.
Ay of these could becare a aontributing factor to an incident or accident.

The Radio Tedmical Camission for Aeranautics (RTCA) has performed three
studies to date between 1963 and 19% to irwvestigate the potential for interference
from persaal electranic devices. The most recent research by the RICA studied
unintentional transmitters. Even though the research could not duplicate
interference fram a PED under aontrolled conditions, the report stated that the
praosbility of interference, though extrenely slight, should be amsidered as
potentially hazardous and clearly represents an unacosptable risk during critical
deses of fligt RTCA, 1996) . However, not all menbers of the conmittee agreed
that the potential for interference was slight ard sare argued that the potential
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may have been shown as significant had different testing methods been employed

(Shewles, 2000) . Finally, this report stated that emissians from new tedrolagies
such as Ultrawideband (e.g. as used in wireless computing) could exceed
interferance limits for aircraft by a factar of 1000 (Ely, Riller, & Shaver, 2002) .

The most compelling evidence supporting the theory that PEDs can cause
aircraft interference comes from NASA's Aviation Safety Reporting System
(ASRS) . A NASA report (Ross, 2001) reviewed 14 years of incident reports and
fourd over 100 reports of possible PED interference, that the pilots believed to
e due to a PED an board the aircraft. A wide variety of PEDs was suspected of
causing interference; however, mobile telephones and laptop corputers were
the most frequently cited with 25 references each. Navigation systems were the
most camanly affected, confirming that this system is particularly vulnerable
to interference. Sare reparts cited interference at a critical stage of flight,
indicating thaet the possibility of a PD aotributing to a crash is very real.

Arother review of the Aviation Safety Reporting System (ASRS) data in 2002
(Strauss, 2002) foud 125 reported incidents. Again, the type of PED suspected
of causing interference was varied. In 57 of these incidents, the interference
disappeared as the suspected device was switched off, providing reasconable
evidence that the PED was the cause. The most frequently affected aircraft
systems were navigation, Instrurent Ianding, and commications, with mdoile
phanes and laptop camputers accounting for 60% of reported incidents. Almost
half of the reparted incidents coorred within the ‘sterdile codkpit’ ghase of flidgt,
creating an umecessary distraction for pilcts at a critical time. The rumdoer of
reports, together with the strag relationships between the interference ard the
PEDs in use, suggest that PEDs indeed have the potential to interfere with
alrcraft systars.

Regulations

The FAA regulations FAR 91.21, 121, and 135 stipulate that no portable
electranic devices be goerated an board an aircraft registered in the United
States (US), excluding portable voice recorders, hearing aids, heart pacamekers
ard electric ghavers, and any other devices that the gperator of the aircraft has
determined will not cause interference.

In additiom to the regulatians, the FAA also piblishes an Advisory Circular,
91.21-1A that advises gperators an carpliance with the regulatians. It suggests
that wnintenticonal transmitters can be used when the aircraft is safely in cruise,
since interference coorrdrg at this altitude would allow sufficient time to isolare
the sorce of interference ard switch it off. Tt also states that goeration of ay
intentigmal trensmitters should be prohibited while aivborme but permitted when

In the U.S., mdoile ghae use o aircraft is specifically prchibited by the
Federal Comumications Commission (FCC). This is due to the greater
transmitting range thet the ghae is cgpeble of when aivbame, resulting in possible
interference to the teleghane network (Perry & Geppert, 1996; Ritchie, 1996).
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When cperating an the ground, a mdbile phone can ‘see’ ane or two masts at a
time ard it trensmits to these. When goerating in the air, mdbile phones can
‘see’ many different cells, due to both the heidht of the aircraft ard the speed at
which it is travelling. If the phoe mekes aotact with mery cells at the same
time, the result could ke sericus interference to the mdboile telephone network,
resulting in interngotion to other users’ calls (L et al, 2002) .

In BEurope, PEDs are regulated by JAR-OPS (Joint Aviation Authority Qperating
Regulations) 1.110 thet states:
An ogperator shall not permit any persm to use, ard take all reasaeble
measures to ensure that no person does use, on board an aercplane, a
portable electranic device that can adversely affect the performence of
the aergplane’ s systems and equipment. (JAR-OPS 1.110)

Ieaflet 29 published by the Joint Aviation Authority (JRAR) discusses the
Gargers of PED use and recomerds a policy for airlines to follow that includes
prchibiting use of intentiawl transmitters fran the closing of the aircrafts doors
until they are reopened. It further recomends that nn-intenticaml trangmitters
e switched off diring critical flight phases. Furthermore, it recomerds that
armouncenents regarding PEDs be made both prior to and during boarding of
the airaaft.

Both sets of regulations meke the aircraft goerator respansible for deciding
which devices are safe far use am the aircraft despite the fact thet airlines oot
have the necessary resources to conduct testing (Strauss, 2001) . Although the
Federal Aviation Authority (FAA) and JAA regulations are similar, there is ro
gldoal policy an the use of PEDs (Jensen, 2000) ard the result is an issue an
which there is no carprehensive and coherent policy.

Airline Regulations

The regulatory bodies, both in the UK ard the US, have not produced precise
regulations an PED use in aircraft, and because of this, the airlines are requived
to devise their own regulations on PEDs.

The regulations for PED usage vary across different airlines althouch merty
resarble the policy cutlined in JPA Ieaflet 29. Most airlines divide PEDs into
two graups, those that are forbidden at all times ard those that are forbidden
aly during sare stages of flight. However, sare airlines farbid use of any
electranic device without the prior permission of the airline. Sare airlines add a
third category of devices that may e goerated thraghaut the flight; these include
pacemakers, electronic watches, and electric shavers (Subcommittee on
Aviation, 2000; Ritchie, 1996) .

Legal

While there are no specific laws relating to the use of PED an board aircraft
in the UK, passengers who refuse to switch off PEDs when asked to do so by
the crew have been cowicted under the Air Navigation Order (AND) of “redklessly
ard negligently endangering” the aircraft (BBC, 2002; BBC, 1999) . Article 55cf
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the ANO states, “A persan ghall not recklessly or negligently act in a marmer
likely to endanger an aircraft or any person therein.” Article 59 of the ANO may
also ke relevart; it states the following:

Every persm in an aircraft registered in the WK ghall doey all lawful
commerds which the commander of that aircraft may give for the pur-
pose of seauring the safety of the aircraft and of persans or property
carried therein, or the safety, & ficiaxy ar regularity of air rnavigation.

The maximum penalty for contravening Article 55 of the ANO is a £2000 fine
and/or a two-year prison sentence, although the maximum penalty that has ever
been imposed as a result of refusing to switch off a PED in the UK was a ane-
year prison sentence (BBC, 1999) .

Study Raticnale and Cojectives

As autlined above the regulations goverming the use of PED are vague, resulting
in different policies inplaratted in differant ways an different airlines, ultinetely
leading to oonfusion for passengers (Ritchie, 1996) . Sore airlines have power
autlets for laptop aarputers, while others do not allow M players to be operated
on board (Shawlee, 1999) . Added to this is the fact that sare megazines and
newspapers challenge the ban on mdbile telephone use on aircraft, citing the
lack of hard evidence supporting interference (Bicknell, 2000) . Many apparently
believe that the airlines’ ban an mdbile telephone usage is based an a desire an
the part of the airlines to increase the reverues of the airlines’ omn seat-back
telepghanes (Bicknell, 2000; Aberbach, 1999; BBC, 2000) . A Wall Street Jomrsl
article (Aoerbach, 1999) quoted a pilot who admits to regularly using his mdoile
teleghae while in flight and is cawinced that the ben is bogus.

This confusion and erronecus reporting may explain why there are many
reports of pessengers being reluctant to switch off mdbile telephones ard
surreptiticusly using them ard other transmitters an board aircraft (BEvens, 1999) .
One wpofficial survey in the US foud that 6% of all passengers use their PEDs
an darestic flights ard this runber is undoubtedly growing with the proliferation
of PEDs (Rossier, 2000). It may also help to explain why passenger use of
PEDs has been reported as the second largest cause of air rage in the US
(Subcommittee on Aviation, 2000) . Passengers may not understand the potential
dangers of PED use ard, therefore, amsider it unfair to be asked to switch them
off. Many passengers fird it hard to believe that sarething as smll ard irmmoauous
locking as their mdoile telephone or portable games machine could affect the
peratim of the aircraft (Rossier, 2000) .

A relatively large amount of research has been conducted into the tecinical
aspect of PED goeration an aircraft ard has examined the potential for interference,
the possible systeams af fected, and the oconsequences of interference. However,
whilst no study has proven conclusively that PEDs are hazardous to the safety
of the aircraft, rneither has it been proven thet they are not. Expert researchers
have agreed that, while it has not been possible to reproduce interference fram
a PED after a suspected incident, the potential exists for interference, although
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it may be sligt. In light of this, the safest corse of action is the ae thet
airlines have been following, namely to restrict the use of PEDs o aircraft and
to prchibit the use of sore of the higher powered devices ard intenticnal
transmitters.

In spite of the tedmical research, the amouat of literanre available regarding
passenger use and perception of PEDs is minimal. The rumber of PEDs carried
m aircraft is uwknown, as is the runber goerated an bcard. Tre level of passerger
awareness of the problems posed by PEDs and their desire to use PEDs on
aircraft are further unknowns. This study aimed to gather quantitative data
regarding passenger use of PEDs an conmrercial aircraft and further aimed to
axtribute to the overall uderstandirng of the level of rigk that is irvolved in PED
usage. Information gathered regarding passenger knowledge of the dangers and
their perception of the risk could be used in future to develop a programe that
aims to educate passengers, should that be seen as necessary.

The dojectives of this study were to acoarplish the following:

1 To establish the rumber and type of PEDs carried an board aircraft by
pessengers, ard the level of use of these during the flight.

2. To determine passenger knowledge of the regulations governing PED
aeration an board an aircraft.

3. To determine the level of knowledge of the hazards associated with PED
operation an board an aircraft among airline passengers.

4. To determine passenger perceptions of the level of risk posed by PEDs.

5 To determine the level of passenger desire to use PEDs an board aircraft.

Method

The study aims were achieved through an interviewer-administered
questiamaire delivered to arriving passencgers. The questiamaire was divided
into six sectians, the first gathered damographics ard the following five sectians
each dealt with a different study dojective. The demographics gathered included
perticipats’ age group, gender, airlire flon, jomrey type (i.e. lagtaul, dort-
haul, or darestic), ard the reasn for travel (i.e. business or leisure). These
Cetails were taken to determine whether there were any significant relationships
between passenger demographics and the use of portable electronic devices.

The first sectiom of the questiamaire investicated the rumber and type of
PEDs that each participant carried an the aircraft. For the purposes of the study,
PEDs were defined as any device that is operated under battery power . Devices
that were operated an board were noted. Finally, this section investicated when
participants carrying mdoile telephones had switched them off and switched
them back on again. The secand section investigated whether participants had
ever fagotten to tum off their mdoile telege an a previass fligt. Tt also equired
about the circumstances under which passengers considered it acceptable to
use a mdoile phae an an aircraft. The next section was related to the regulatians
goverming the use of PEDs. It asked participants about when different types of
PEDs should e switched off and about the meximm UK punishment for failing
to switch off a PED when instructed to do so. Section 4 asked the participants
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abaut the possible adverse effects of PEDs an the aircraft systems. Participents
were given a list of possible effects and asked to pick the reasmns wihy PED use
is restricted an aircraft. The final section of the questiareire examined

passengers’ perceptions of the danger of PED usage alag with their desire to
use PEDs an board aircraft.

Two hindred questiamaires were administered at three Iaondm airports. Two
of the airports were relatively awll aivports, with short-haudl fligts anly, ad the
third wes a large intematiaal airport. The two smeller aivports provided 50
participants each and the raraining 100 were interviewed at the larger airport.
All participants were arriving passengers ard the sanple for the study was an
ooportunity sample. The questicmaires were analysed using the Statistic
Package for Social Sciences (SPSS). Frequencies were run for each question
ard graphs plotted of the responses. Independent t-tests were used to determine
whether there were any significant differences between demographic groups’
perception of the dangers and desire to use PEDs. Independent t-tests were
deemed to be the appropriate instrument, as each category of passenger was
independent and there were no repeated measures.

Results

Demographics. Tre mejority (77.5%) of participants in this study were short-
haul leisure passengers, due to the time of day and season in which the study
was carried out. There was an even distribution of gender (49% male, 51%
female), and a reasonable spread across the age groups (6.5% under 18, 32%
18-30, 43.5% 31-50, 17.5% 51-70, and 0.5% over 70).

Section One. Ninety percent of participents carried at least ane PED an
board the aircraft with them. Mdbile phones were the most cammon device to e
carried, with 77% of participants carrying one. Cameras were the second most
comm device. Other devices carried included laptop carputers, music players,
camcorders, electric shavers, radios, ‘Palm Pilots’, portable games machines,
medical equipment, a Dictaphone, alarm clocks, and a printer. Music players
were cperated in 42.5% of cases where they were carried, but very few other
devices were gperated an board the aircraft.

Section Two. The mejarity of participants tumed of £ their mdoile telephanes
before leaving the airport terminal and did not switch them back on until after
entering the destination terminal, but 6.5% of mdbile phone carriers neglected
to tum tham of £ until just befare take-off ard 3.2% did not tum of £ their ghaes at
all. One passenger (0.6%) turmed a mdbile phone back on during the flight. 13%
of participents had forgotten to switch off their mdbile teleghanes an a previaus
flight and 2% had used their mdbile phanes during a previcus flight.

Participaents were asked to cosider the circumstances under which they
would amsider it acosptable to use a mdoile teleghre drdng flight. Participents
were asked to choose between “always acceptable” and “never acceptable,” or
they could choose as meary of the other three optians as they wished. The three
prians were “if the aircraft was delayed in the air”, “uder erergecy caditians,”
ad “if the aircraft was hijadked.” Tre mejarity of participants felt that it would ke

International Journal of Applied Aviation Studies



acoeptable to use a mdoile telephae if the aircraft was hijacked or uder
emergency canditions. The results are shown in Figure 1.
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Figure 1. Acceptable circunstances to use mdbile telephones.

Section Three. Tre third section of the questiamaire examined participants’
knowledge of the regulations an board aircraft regarding both intenticnal arnd
wnintentional transmitters. 82.5% of participants knew that mdbile telephoes
should be switched off at all times during the flight, ut 5.5% thought thet they
anly had to be switched off for take-off and landing and 12.1% did not know what
the regulations were. With regerd to wnintenticnal trensmitters, 42.4% of
participants knew that these anly had to ke switched off during take-off and
landing but 32.9% mistakenly believed that they could not be operated at ary
point durding the fligt. A much higher percentage (24.7%) did not know what the
regulatians for wnintentiagl trangmitters were, as canpared to mdoile teleghaes.

Participants were asked what they thought was the maximum UK legal
panighment for failing to switch off a PED in an aircraft, when instructed to do so
by the cabin crew.The correct answer was a £2000 fine and/or a 2-year prison
sentence. Only 13.6% of participents answered this correctly. The meajority
thought that it was more likely to e a £500 fine and/or a 3-maith prism sentence
and 16.6% of participants thought that the punishment would be only a £100
frre.

Section Four. Participants were asked if they knew any of the reasons why
mdoile phane use is prohibited in aircraft. The mejority of perticipents knew
sore reasons, the most comonly known was possible interference to the
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navigation systems (72.4%), but 22.9% did not know of any reason why mobile
telephones were prohibited. Participants were more uncertain about wity
wnintentional transmitter use was restricted with 45% stating that they did not
know of arty reasans for this.

Section Five. Tre firal section of the questiaraire investicated participents’
perceptions of PED dangers and participants’ desire to use PED on board the
aircraft. 77.4% of participents either agreed ar stragly agreed with the staterent
“Wbile phones are dangerous if operated on board aircraft.” There was less
agreement and more uncertainty with regard to laptop computers. 21.1% of
participants did not think that laptop carputers were a darnger to aircraft and
34.7% did not know. Opinion o whether participants would like to be able to
use mdbile phones during flight was divided, with 39.2% stating that they would
like to be able to use them and 35.7% disagreeing. 25.1% were neutral.
Participants were more agreedble to the idea of being able to use other devices
like laptop aarputers ard music players at all stages of flight with anly 21.1%
disagreeing ard 20.6% neutral.

Discussion

Although a more methodical study sanple incorporating proporticnal
representation of e.g. ages, gender, business, and leisure passengers would
have been desirable, due to searity restrictians and tine limitations anly limited
access to the airport arrival langes was available. Therefore, it is recognised
that the ggportunity study sample of 200 passengers may not be representative
of the total airline passerger popalation.

Section One

The results of the passenger survey carried aut show that 90% of participants
carried at least ae persanl electranic device an board the aircraft with them,
ard 58.5% carried more than ane device. Clearly, these are very high rumbers
but they were tempered by the fact that anly 11% of participents cperated a
device an beard the aircraft, and these were all wnintentiasl transmitters gperated
anly during the cruise phase of flight. The rumber of devices operated did not
include mdbile phones that were not switched off, as participents did not regerd
leaving their mdoile phoe switched an as operating it!

Mobile phones were the most comon device carried with 77% of all
perticipants carrying ae ard 2.5% of participants did not tum off their mdoile
phoes during the flight. Therefore, an an aircraft carrying 100 pessargers, it is
likely that two or three will have forgotten to switch off their ndoile ghres.
Considering the research carried out by the UK CAA, which found that mdbile
phoes are capeble of interfering with aircraft equipment, ard the data from the
ASRS that lists mdoile phones as the most comon device to interfere, this is
awarryirg statistic. Although these mdbile phones do not create interference in
general, with two to three mdbile phones switched an during each flight it must
e recprded as inevitable that the circurstances for interference will line up
evantally . Similarly, mdoile phae use has not yet been inplicated in an accident,
but it can anly be a matter of time before the interference conbines with other
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factors to bring about an incident or accident. This may have happened already
but there is no way to determine whether a mdbile phone was switched on or
opcerating an board the aircraft so it mey never be proven.

Pppraxdmately 50% of the participants who did not tum off their phones had
sinply fargotten, but the raminder stated that they rarely tumed off their gaes
for flight, as they did not regard it as dangerous. Qe participant stated thet
since there is 1o reosptiom at high altitudes it did not metter if mdoile pghaes
were switched on ance they were in the air. However, this kelief is erraecus
since a mdbile phone that has no reception sends out signals at meximum
power to attenpt to reach a mest, thus meking it more likely to interfere than if
it were within signal range (Helfridk, 1994).

Careras were the second most conmon device carried by participants, but
this may have been influenced by the sample population, as they were
predominately leisure passengers. Cameras are extremely unlikely to pose a
threat to aircraft, as they are conparatively low powered devices with low radio
anissians. Laptop computers were carried by anly 9% of participants; but again,
had more business passengers been included in the sample this mumber would
almost certainly have been larger. Qre third of the laptop carputers had wireless
camection capebility that oould be gperated during cruise without being dovicus
to cabin crew, although none of the wireless comections were reported to have
been used by the participents during flight. Overall, participants carrvied 164
devices that were capable of intenticnal transmissions and 191 unintenticnal
transmitters.

The vast majority of PEDs were not operated an board, with music players,
such as (D, tape, minidisc and MP3 players, being the only category in which
a notable munber were cperated. Music players were operated in 42.5% of
cases where they were carried. Interestingly, music players are the ane device
over which there are ansiderable discrepancies across airline policies ard this
may lead to confusion and irritation for passengers who have become used to
operating their music player an ane airline but are refused permission to do so
o another .

Section Two

Thirteen percent of participents admitted fargetting to switch off their mdoile
phanes an a previous flight and 2% had used them an a previous flight. Many of
the participants who had forootten to switch off their phones an a previcus flight
claimed that they regularly neglected to switch them off. It is impossible to
determine fram these statistics how regularly passengers use their mdoile phanes
during flight, but it is clear that sare passengers do so. Using a mdbile phone
ey increase the possibility of interference as the sigmal from the phae is nore
canstant ard is sustained over time.

When questioned about the circumstances under which participants felt it

would be acosptable to use a mdbile phoe without permission during flight, the
mejority (63%) of perticipants felt that it would ke acosptable if the aircraft was
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hijacked and 54% felt it also would ke acceptable to use a mdbile phone under
emergency conditions. The second statistic is alarming because emergency
coditions are exactly the time when interference could potentially increase
already high pilot workload and possibly aotrilure to an accident by exacerating
pilot anfusion. Airlines should consider warming passengers not to use mobile
phones when preparing passengers for an avergency landing. 5.5% of participants
thought that it was acosptable to use a mdbile phae if the aircraft was delayed
intteair, and although this souds more trivial then using a mdoile phone wder
emergency canditions, the potential danger involved may be much lower. 1.5%
of passengers felt that using a mbile phane in the air was always acceptable.

Section Three

Section three of the questiamaire examined participants’ knowledge of the
regulations conceming PEDs. 12.1% of participants were not aware of the
regulations for mdbile phones, although 25% of these did not carry a mdoile
phone on board and reasoned that they did not need to know the regulations.
More worrying is the 5.5% of participants who thought that mdoile phones anly
had to e switched off far takeoff ard landing. Fifty percat of these were carryirg
mobile phones and should have been paying attention to the ammouncements
recprding their use. The ramaining 82.5% of participants knew that mdoile phaes
should rarein switched off at all times.

With regard to unintentional trensmitters such as laptop computers and D
players, the runber of participents who were not aware of the regulations rose
to 24.7%, while 31.4% mistakenly believed that unintenticmal transmitters must
remain switched off at all times. Only 43.9% of participants knew the correct
regulation in this case, indicating a greater cnfusion ard lack of awereness
recprding wnintenticawl transmitters as aonpared with intenticnal transmitters.

The final questim in this section asked participents what they thought was
the mexdmm legal pnighment in the K for failing to switch off a persaal
electronic device when instructed to do so. The correct answer was the £2000
fine and/or two-year prison sentence, but only 13.6% of participants knew, @
guessed this correctly, and 16.6% thought that the maximum punishment was
a £100 fine. The most comon answer was the third option with 30.2% of
perticipents goting far this. Clearly, the piblic are not aware of what the actual
meximum punishment is and when asked to guess, 86.4% of participants
underestimated it. This may give an indication of the lack of sericusness with
which they regard the danger of mdoile phone use on aircraft. Certainly, tte
16.6% who thought the maximum punishment was a £100 fine could not regard
the danger as very seriocus if they thought the punishnent was so low.

Section Four

Participants’ knowledge of the reasons why PEDs are restricted on aircraft
was examined in this section of the questiaraire. Participants who denmonstrated
knowledge that PEDs could cause interference were asked to choose which
systars could be affected. The section wes split into two questians, ae enguiring
about intentional transmitters, represented by mdoile phones and the second
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dealing with unintenticnal transmitters, represented by laptop conputers and
D players. In the case of intentiawl trensmitters, interference to navigatiom
systems was the most commonly cited, followed by comumication systems.
This is interesting because navigation systeans are the most camonly affected
system, but it was expected that participants would think commication
systars were nore vulnerable to interference fran mdoile phanes. Sore airlines
cite interference to navigation systems as the reason why mdoile phones are
prohibited during safety armouncements ard this result showed that passengers
have understood this. However, it does ot prove thet they believe it to be trne.
Only 11.5% of participants thought that using a mdbile phae in an aircraft could
interfere with the groud-based mdbile network. 2As this is the aily type of
interference that has been proven, this was a low percentage. 6% of participants
gave all six optians available, nanely interference to navigation systems,
commication systems, cockpit displays, autopilot, engine systems, and the
maoile network. 22.9% did not know of any specific reasons wiy mdoile phones
were prohibited, although the vast mejority of these did know that the prahibition
was attributable to sore kird of interference.

The percentage of participants who did not know why unintentianl transmitters
are restricted was much higher at 45% and a relatively low mumber of these
knew that it had sorething to do with interference. Again, interference to
navicgation systeans was the most frequently cited with 45% of participants, and
commications followed with 38.2%. 14.5% of participants thought that the
possibility of injury in the event of turoulence or a heavy larding aotributed to
the restriction an wnintentia\l transmitters. This was the anly reasm that did
ot have a higher representation in the question an intentiamal transmitters. The
results seared to indicate that passengers are nore aonfused about the reasans
behird the restrictions an wnintentiaal transmitters and several perticipants
comented, “they could not see how a laptcop computer or (D player could
interfere with any aircraft equipment as it does not transmit a sigwal.” Sare
participants also concluded that these devices could not cause interference as
if they were suspected of doing so they would not be allowed at ary stage

Section Five

The fimal section of the questiamaire investigated participents’ perosptians
of the danger associated with operating PEDs an board aircraft and participents’
desire to use PEDs. Participants were asked to rate their agreement with the
statements “mobile phones are dangerous if operated on board aircraft” and
“aptops are dangerous 1f goerated an board aircraft.” Mdbile phones and laptop
computers were chosen for these statements because they represented
intenticnal and unintenticnal transmitters respectively and because they have
leen reported to be equally likely to interfere with aircraft systarns (Ross, 2001) .

In general, there was more and stronger agreement with the statement
regarding mobile phones as compared with the statement regarding laptop
computers. Consequently, more participants felt that mdbile phones were
dargercus, with anly 5.5% disagreeing with the statement regarding the danger
of mdbile phones. Campared to mobile phones, a larger rumber of participants
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did not know if laptop computers were dangercus. These results confivmed that
the aonfusion regarding the potential danger associated with PED is much greater
with wintentiar] trensnitters then it is with intenticwl trensmitters.

The rumber of passengers who strongly agreed with the statement “I would
like to ke able to use my mdbile ghae, if it were safe” wes not as high as might
e expected, with anly 5% of participants choosing this option, ad a larger
rumber (5.5%) strongly disagreed with the statement. The total rumber who
expressed agreement was 39.2% compared with 35.7% who disagreed and
25.1% were neutral. The reasans for these gpinions were not investigated but
several passengers comented that they did not feel it would be necessary to
use their pghes diring a flight, while others stated that their decisians were
influenced by the possibility of other passengers using their phones throughout
the flight. This may indicate a desire an passengers’ behnlf for the antiruation
of the prohibition on comfort or amoyance grourds. There was much stronger
agreenent with the statement “I would like to be able to use laptops arnd music
players at all stages of flight, if it were safe,” where anly 21.1% of passerngers
expressed disagreement.

Trdepardat t-tests were carried ot an the results of this sectiom to determire
whether there were significant differences between any of the darograghic groupes.
It was fourd that females aonsidered mobile phone and laptop carmputer use to
e more dangercus than males did (£ = 2.839, p < 0.05; t = 3.174, p < 0.05).
Males also were more likely to went to use laptop carputers and M players at
all stages of flidght (&£ = -2.575, p< 0.05), but there was not a significant difference
in the desire to use mdoile phanes an board (& = -1.385, p > 0.05) . Neither were
there any significant differences between passenger types for any of the answers
to questians.

Study Limitations

Due to the mature of the questiamaire adninistration, it was not possible to
dotain a representative sample of airline passengers; therefore, opportunity
sanpling had to ke used. Furthermore, there were limitations in the time at
which it was possible to interview passengers ard the ultinmete result wes a
sanple dominated by short haul leisure passengers. A df ferent sanple that
included more business and long haul passengers may have yielded some
differat resilts.

As the participants were interviewed at airports, it was necessary to kesp
the questiamaire as short as possible to meximise the rumber of participants
who would have time to conplete it. This resulted in sore lines of questioning
not being pursued and some data, which may have been useful for the study,
aould rot ke dotained. A self-completion questiamaire would have resolved this
prablem, but the response rate would have been much lower.

Time limitations and a low respanse rate fram airlines meant that the
irvesticatio into airlire policies suffered fram too little data. Tre lack of data
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regarding in flight ammouncements on PEDs meant that it was not possible to
analyse the information most comonly available to passengers.

Conclusions

In extrenely large percentage of participants (90%) carried personal
electranic devices an board the aircraft ard a relatively large percentage carried
more than ane, but anly a low percentage of the devices were operated an board
the aircraft. Mdoile phones were the most comon device ard 2.5% of participents
failed to switch off their mdbile phanes. Futhermore, 2% of participents admitted
to using their mdvile phones during a previcus flight. Although these figures are
low, omsidering the potential darnger, it is in the interest of safety to incresse
passenger awareness and compliance with the regulations.

The majority of participants were aware of the regulations governing the use
of PEDs m the airline with which they flew; however, there were sore passengers
who thought that intentianal trensmitters could be used during the cruise phase
of flight; many of these were carrying mibile phones and so should have been
aware of the regulations. The survey revealed that passengers are less well
aware of and more oconfused about the regulations regarding unintentional
transmitters as conpared to intentiaml transmitters. These results pointed to a
need for education of passengers.

A high proportion of perticipants were awere of the possibility of interference
to aircraft egquipment fram PED, but very few knew of the possibility of interference
to mbile networks if intenticwl transmitters are used in the air.Aggin, there
was less awareness regarding unintentional transmitters as compared to
intentiapl transmitters.

Participants overall agreed that mdbile phones are dangerous if gperated an
board aircraft, but 5.5% disagreed with the statement ance again indicating the
need for education of the public. There was less agreement with the similar
statement an laptop computer use that aonfirmed the oonfusion on unintenticnal
trangmitters noted in the earlier questians. The percentage of participents who
would like to use mdoile phones on board aircraft was anly merginally larger
then the runber who did not went to use them. Thus, there is a case for prahibition
of intentiamwl transmitters not just an safety groards, but also for the confort of

fellow passerngers.

The reasons for passenger confusion and non-compliance with regulations
may be at least partially due to the differing regulatians across airlines where
sare devices may be permitted during cruise an ane airline and prohibited
altogether an another .A adherent policy would ensure that the devices that are
regarded as dangerocus are regarded consistently across airlines. A gmll
percentage of passengers did not agree that mobile phones are dangerous cn
board aircraft ard a larger percentage did not agree that laptop carputers are
dangerous. Thus, it would appear that ignorance of the dangers is also part of
the pradblem.

Use and Perception of Personal Electronic Equipment
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Recommendations

Uniform Airline Policy

A uniform policy across airlines would greatly reduce passenger aanfusion
ard would remove the possibility of airlines that allow more PEDs to be goerated
having a market advantage over those who do not ard this in tum might lead to
greater reporting of incidants of suspected interference ard greater understanding
of the prdbleans associated with PEDs. A amsistent policy with regard to mdoile
phones, which required passengers to switch off mdbile phones before leaving
the terminal, would allow taking more active measures in the airport departure
lounges to ensure mdbiles are switched off.

PED Detection System

A device for detecting PEDs that are operating an board aircraft above the
susoeptibility levels for the aircraft equipment, such as the device developed
uder the FAA (Cross, 2000), gould ke installed an all aircraft. A PED detection
device would allow cabin crew to be aware of any passengers who have forgotten
to switch of £ their devices ar who are using them surreptiticusly . The device also
aould record the location ard frequencies of all PEDs goerating an all flights ard
in the event of suspected interference, this data could ke correlated with the
events an the flight deck providing valuable informetion about the cirvaurstances
under which interference can occur .

Further Testing

Testing of PEDs in aircraft and with aircraft equipment should not be neglected.
Although it has not proven possible so far to reproduce interference, it may be
possible in the fubre. Testing of new devices is particularly important, as they
may e much more 1likely to interfere with aircraft systars then devices crrently
available. However, there are limits to the testirg it is possible to achiewe,
partiadlarly ansidering the vast range of electranic devices available. As the
regulatary athorities are in a better position to perfam testing it shauld ke their
resposibility . This would ensure more conprehensive and uniform testing than
irdividual airlines are able to perfam.

Educate Passengers

The results of this study have shown that the mejority of passengers carry
electronic devices ard a small percentage operates them on board. It can only
e expected that both of these figures will rise in the fubure as electranic devices
become more and more common. It also was shown that many passengers do
not fully uderstard the potential dengers of PEDs ard are not fully aware of the
regulations. Therefore, it is recomrended that a programme of awareness and
education be embarked upon where more information is passed on to passengers
regarding PED. This could be done either by meking information available to
passengers when they receive their tickets or at check in.

Procedures for Interference

Airlines should develop prooedires for collecting data when interference is
suspected, such as the procedure cutlined by the CAA (2002) . Data gathered in
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a systematic way would be more reliable and if the same procedures were used
across airlines, it would ke possible to aarpare incidents of interference easily.
Ultimetely, this would provide suf ficient information to develcop policies thaet are
synchranised with the potential for interference posed by each device.
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Abstract

Sixteen instrument-rated pilots with no prior experience with IFR
GPS completed a program of ground study and five practice flights
in an airplane. Eight pilots completed the ground study using a
self-study program, while eight pilots received dual ground instruc-
tion. The ground study and flight practice covered knowledge and
skills required by the instrument rating practical test standard, which
are affected by the use of IFR GPS. A detailed record was kept of
errors made by pilots during each practice flight for six selected
Skills. The data were analyzed to determine: (1) whether or not the
ground study and five practice flights were enough to allow pilots to
master the skills; (2) how effective was self-study compared to dual
instruction; and (3) which skills presented pilots with the most diffi-
culty and accounted for the most errors. The results showed that
pilots still had not reached proficiency after five practice flights,
regardless of ground study method used. Furthermore, pilots were
highly similar in the difficulties they encountered while acquiring
these new skills. These results suggested that the leaming chal-
lenges for proficient IFR GPS use are significant.

Introduction
Since the late 1990s, the installation of IFR-gpproved GPS units in general
aviatiom aircraft has steadily increased. Initial studies of GPS usage (Herop,
Krolak, & Coyle, 1997; Henry, Young, & Dismukes, 1999; Adams, C.,

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.0O. Box 25082, Cklahoma City, OK 73125.



Hwoschinsky, & Addams, R., 2001) have prampted concern about what sorts of
additional knowledge or experience might be required to use GPS safely as a
primery means of navigation uder instrurent flight rules.

The FAA slowly and aoservatively has taken advisory and regulatory steps
toward insuring the safe use of IFR GPS. The Aeronautical Information Marwal
(FRA, 2004) has been expanded to include a section about IFR GPS. The
Instruvent Rating Practical Test Standard also has been modified to require
every pilot applicant to demonstrate proficiency with IFR GPS when an IFR
@EPS-equipped aircraft is used for a practical test.

The idea that additiaal training or experience might be required for TFR GBS
is not anly is a question of safety, but also a question of popular accsptance.
Users of IFR GPS might doject to new regulations that require additicmal and
expensive pilct training if the need for such training was not carefully documented
ard mede explicitly clear.

We studied a group of sixteen instrument-rated pilots with ro prior experience
with IFR GPS as they worked toward proficiency with flying under IFR with
GPS. Pilots’ learning efforts amsisted of two parts: (1) groud study; ard (2)
five practice fligts in which pilats practiced the gkills they learmed an the groad.
Eight pilots acorpleted the grord study through dual instruction, while eight
pilots studied the same meterial an their own.

Durirg the practice flights, a detailed record was mede of all errors comitted
by pilots when practicing six selected skills. Trhe skills are:
Program IFR flight plan and load GPS approach
Program and fly a VNAV descent
Demonstrate a straight-in GPS approach
Demonstrate a vectored GPS approach

Demonstrate a missed approach and hold

o B W oN R

Demcnstrate a GPS approach w/ procedure turn

The grord study ard the flight practice covered other knowledge ard skills
required for safe and proficient use of IFR GPS, but they were not measured as
part of the experiment.

Pilots’ error data were analyzed to address three questians:
1 Was grourd study ard five practice flights encugh for pilots to
mester the six skills?
2. How effective was self-study campared to dual instruction?
3. Which skills presented pilots with the most difficudlty and ac
counted for the nost pilot errors?
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Method

Participants. Sixteen instrument-rated pilots were recruited from local
professianl flight training schools. Pilots ranged fram 120 to 3,700 hours of
flight experience, with a median of 522 hours. Pilots were told they would not be
paid for their participation but would receive instrurent flight experience using
IFR GPS. All pilcts met the recent flight experience requirarants set forth in 14
CFR 61.57 (o).

Procedure. Eight pilots were randanly assigned to the Self Study group and
were told that they would be required to leam the new gkills an their own. These
pilots were assigned readings in a textbook (Casner & Dupuie, 2002) prior to
each session. Pilots were told to master the material as best as they could, and
that during the next sessian, they would have the goportunity to practice and
dennstrate their newly learmed skills in flight. Tt was enphasized thet pilots’
should attempt to mester the skills such that they could demonstrate them
without the need for intervention by the experinenter, although intervention would
e available if needed. Rather then attearpt to aotrol the duration of self-study
for experimental design purposes, our aim was to meke this learming scenario
as realistic as possible: as it might ocour in everyday practice. Pilots were not
asked to report the amomt of time they had spent studying.

Eight pilots were assigned randomly to the Dual Instruction group and were
told to do nothing to prepare for the flight sessians. These pilots were told that
the experimenter would cover all of the aomoepts and skills needed for each
flight during a dual ground instruction session immediately prior to the fligt. The
material presented during the dual instruction sessians was the same as that
presented in the textlook read by pilots in the Self Study cadition. Pilots were
told that they should attenpt to mester the skills such thet they could damnstrate
them without the need for intervention by the experimenter, althogh interventtion
wauld ke available if needed. Dual instruction sessions aotirwed unkil the pilots
felt they were ready to denmmstrate successfully the skills they had learmed.

Both groups of pilots had access to a desktop IFR GPS wnit that could be
used to leam ard practice GBS skills prior to each practice flight. The desktop
TFR GPS wnit was the same meke and model installed in the airplane that was
used far the practice flidhts.

For both gragps, prior to each practice flight, the experimenter briefly reviewed
the skills that would ke needed durdrg the flight, provided the pilot with dherts
covering the routes and approaches to be flown, and answered arty questions
the pilot hed aoout the meterdal.

Tre six skills were introdiuced before the practice flidghts as shown in Table 1.
Table 1 also lists the runber of times that each skill was practiced during each
flight. Tt is inportant to rote that ot every gkill wes practiced an every flidht .No
rew gkdlls were introduced during the fifth practice fligt.

Flying IFR with GPS
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Table 1
Six IFR GPS skills practiced during the five practice flights.

FItl | FIt2 | F3 | FIt4 | FX5

Skill
Pmogmm FR flohtphn and bad GPS 1 3 3 3 4
appmach
Program and fly a VNAV descent 1 1
Dem onstate a staght-h G PS appmach
Dem onstiate a vectored G PS appmwach 3
Dem onstate a m Bsed appmwach and hod
Demonstate a GPS appmwach w/ 1
procedure tum

Practice flights were conducted using the same protocol and evaluative
tedmique used in similar studies of pilct proficiancy (Tallar et al, 2003) . Durdng
the practice flights, participants acted as sole menipulator of the aotrols uder
similated instrurent conditians (a standard view-limiting device wes used) . The
experimenter rode in the right seat and acted as flidht instructor ard doserver A
script for each flight was prepared in advance and used by the experimenter to
ensure that each flight prooceeded in accordance to a set plan, and that each
pilot was asked to practice and perform the same skills in the same order.The
scripts used for each flight are given in Appendix A

A palmtop computer was used to record errors mede by the pilot an any <kill,
ar assistance requested by the pilct for any gkdll. A scorecard wes kept for each
pilot ad flight. Ror each &kdll, if the pilot wes able to damstrate the ddll
without error or help fram the experimenter, the pilct received a saare of ae. If
an error was mede or help was provided, regardless of how subtle (e.g., words,
gestures, sourds), a saore of zero was recorded for that skill. Help was provided
by the experimenter anly when the flight could no longer aontimie to the next
step in the plarmed flidht.

Results and Discussion

Figures 1(a) and 1 (b) show the error rates for each of the skills during each of
the five flidts, across all pilats in the Self Stdy ad the Dl Instruction grages.
Error rate means the proportion of failed attempts to demonstrate each skill
amrg the total munder of attenpts to dannstrate each <kill, for all pilots in
each cadition. For exanple, in Figure 1(a), the error rate for the Program Route
gd1l drdirg the first fligt is ramhly 0.38. This means thet pilots collectively
succeeded in demonstrating the Progrem Route skill 62 percent of the time,
ard failed to danmstrate the skill 38 peroatt of the time, during the fivst flidt.
Recall that not every skill was demmstrated during every flight; hence, sare
skills appear fewer then five times in the graghs.

International Journal of Applied Aviation Studies



0.9 - ® —e— Program Route

0.8 4

07 —- Descent
8 0.6 4 —A— Straight-In
g 05 | Approach
§ 04 —3¢— Vectored Approach
| ) 1
w 0.3 1 PT Approach

0.2

o1 —e— Missed Approach

0 T T T T
1 2 3 4 5
Flight

Figure 1(a). Errar rates for the six gkdlls (el instruction)
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Figure 1(b). Errar rates for the six skills (self-stdy)

1. Were five practice flights enough? The first question to address is whether
grord study ard five practice flights were encugh to allow pilots to reach
proficiency with the six skills. Lodking at the data points far the later practice
flights in both graghs in Figare 1 we can see thet ervors persist for most gkdlls.
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Although pilots seemed to have mastered the kndos-and-dials procedures needed
to program a raute, skills associated with flying instrurent aporoaches seemed
to require more practice.

Tre data in Figuare 1 (a-b) meke it doardantly clear that orr initial expectatians
of reachirg proficiency after two, tlree, forr, ar five practice trdals were of £ the
merk. Our expectations were based on the wderstanding that all pilots had
already danmstrated proficiency for these sare kills using different navigation
systars (i.e., all pilots held an instrurent rating and were instrurent ourrent) .
However, the data in Figure 1 does show that the likely rinter of needed practice
trials for each kill is nore then what was provided here.

To verify that the adage “practice mekes perfect” is at work here, the runber
of practice trdals far each k11 was aarelared with the errar rates far the last trdal
in which each skill wes practiced. For exanple, lodking at Figwe 1 (a), the
Vectored Agorcach skill was practiced four times ard the ervor rate was 0.25 an
the final trial. Corpering these two mnbers for each kill, the correlatio
aocef ficients for the Dual Instruction ard Self-Study groups were -0.53 ard -
0.42, respectively.That is, for both grogps, high ninbers of practice trials were
associated with lower errar rates. This result suggests that leaming was ocaurring,
aly at a slower rate than what we had originally hypothesized.

2. Did having more total flight experience make a difference? It is irnterestirg
to lack at the relatianship between the total flight experiance of the participants
in the stidy, ad their ervar rates for the six gdlls. The correlation ooef ficiar fr
toal flidt hors ad errar rates far the six gdlls for all sixtemn pilots was ¢ =
0.01. This lack of correlation suggests that proficiency with TFR GBS is a separate
set of kills to be acguired. Having extensive flight experience in airplanes not
equipped with IFR GPS does not appear to help. Flying proficiently with IFR
GPS seams to be the result of training and experience flying with IFR GPS.

3. Was there a difference between dual instruction and self-study? A thixd
question to cnsider is whether there are any doserved differences between the
two methods of ground study: dual instruction and self-study . Dual instruction
seems to offer the advantage of two-way interaction between student and
Ingudoar . Self-sady of fers the advarntace of a persistat recard of the instructiasl
meterial that canle later reviewed. It is interesting to note that mae of the pilcts
in the Dual Instruction group mede use of notes.

A simple comparison of mean error rates between the two groups for all six
gkdlls (i.e., the data dhomn in Figare 1) yielded ro significant difference. Next,
six t-tests were performed carparing the error rates for each of the six skills
Individelly. Only the Build and Fly Descant task yielded a significant dif ference
(t = 2.65, p < 0.05). Since this task was anly practiced twice during the course
of the five practice flights, no strag caxlusians are warranted.

Overall, it sears that the two groad leaming methods yielded similar results.
4. A more detailed breakdown of errors made on each of the six skKills.
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Figures 2 — 7, show the specific criteria that were used to determine success or
failure for each of the six tested skills. The data in Figures 2 — 7 breskdomn
overall perfomence for each skill into performence on component sub-skills.
Figues 2 - 7, list the sub-gkills associated with each skill, and show the proportion
of cases for which each sub-gkill was a cattributing factor in pilots’ failure to
perfam each of the six skills.

Since 1o significant differences were found between the two leaming methods,
Figures 2 - 7 conbine the results for the two grord lesming methods.

Program Route and Install GPS Approach
The Route Programming skill consisted of two sub-skills shown in Figure 2.

0.5

0.4 4
" 0.3 4
- - Programming
E _m Review
e 0.2 4
C
w

0.1 4

0 T T = T = T ]
1 2 3 4 5
Flight

Figure 2. sub-skills that corprise the Program Route skill.

The Progranming sub-skill required pilots to recall and perform the kndos-
ard-dials procedures needed to install the raute. This sub-skill is essentially a
menory task aided by any cues provided by the GPS unit interface. For exanple,
a hutton merked FPIN might allow pilcots to successfully reach the flight-plaming
page when the procedure has not been memorized. The Programming sub-skill
was the principle cause for the occasianal unsatisfactory performence for the
Route Programming task.

The Review sub-gkill requires pilots to ramarber to review the accuracy of a

flight raute axe it is installed. Pilots seamed to have well gragped the inportance
of chedking their work.
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Build and Fly a Descent

The Descent skill omsisted of two sub-skills shown in Figure 3. Recall that
the Build ard Fly a Descent <kill was anly demanstrated during the fivst ard fifth
flidts.

0.5

0.4 |

0.3 A

- Programming
_a Aircraft Control

Error Rate
*

0.2 A

0.1 A

Flight

Figure 3. sib-skills thet amprise the Descent skill.

The Programming sub-skill requires pilots to recall the kndos-and-dials
procedure required to build a WAV descent path. Again, the Programming sub-
gkill was the primary cause of errors. Since the Descent <kill was practiced
aly twice in fligit, the high error rate doserved far this gkill carot ke regerded
with any certainty. In fact, the two data points in Figure 3 exactly match the
improvement trajectory doserved for the programming sub-skill for the Program
Route skill (see Figare 2).

they had programmed. Errors an this sub-skill were related to inattention: failure
to start the descent at the top-of-descent point aarputed by the GPS wnit, or
failure to maintain the target rate of descatt.

Straight-In GPS Approach

The most basic type of GPS approach was scored with three sub-gkills
shown in Figuare 4. This gkill was damnstrated anly during the fivst ard fourth
flidts.
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Figure 4. sub-skills that corprise the Straight-In Approach skill.

The Check Approach Active sub-gkill is partiadlarly inportant. Every TFR-
aporoved. GBS wnit features an aminciation that informs the pilot that all
necessary canditions are met to contime an approach beyad the final approach
fix and descerd to the minimum descent altitude (M) . Contimuing the approach
without an approach active indication could result in disastrous consequences
since the integrity of the comrse guidance is not guarantesd. Pilots initially
struggled with this important skill but seem to have resolved the prdolem by the
ad of the practice flidts.

The Aircraft Gotrol sub-gkill was a sinple measure of how frequently pilots
deviated more then 100 feet from a required altitude, or allowed a full-scale
deflectio of the (I needle. Tt is widely known by instructors ard pilots alike
that aircraft ocontrol performence varies when workload is increased and

The Position Awareness sub-gkill resulted in an error when pilots failed to
amounce their position at an important approach waypoint, or tock a required
action at an inappropriate place. Several pilots begen a descent to the MDA
ror to reaching the firal aooroach fix.
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Vectored GPS Approach
Five sub-gkills shown in Figure 5 conmprised this more sophisticated type of
GPS gporoach. This skill was not dammstrated by pilots durdng the first flight.

0.6
0.5 -
—&— Set Active Waypoint
and Course
0.4 . - Engage OBS Mode
-A-Re-Engage Sequence
% 0.3 Mode
e - —x—Position Awareness
=4
-
i 0.2 ] Check Approach Active
~o— Aircraft Control
0.1 1
0 i
5
Flight

Figure 5. Suo-skills that carprise the Vectored Aoproach skill.

The Set Active Waypoint and Course sub-skill required pilots to change the
active waypoint in the GPS conputer to a different waypoint that was farther
ahead in the approach procedure. This is requived when ATC vectors the pilot
inside of the initial gooroach fix in arder to shorten an agorcach. Error rates for
this sib-gkill rever significantly inproved over the corse of five flights. The
amsequences of meking an ervor an this sub-skill are severe. Entering the
wrang waypoint or course means that the pilot is following a course other than
the published approach course.

The Engage OBS Mode sub-skill requires pilots to engage the GPS unit’s
nm-sequencing mode, which allows the pilot to use the (BS kndo to dial arbitrary
aouarses to any waypoint. For this type of agoroach, the pilot dials in the fimal
approach course. Pilots seem to have mastered this sub-skill quickly.

The Re-Engage Sequence Mode sub-skill is somewhat challenging in that it
requires pilots to remember to take a future action, a codkpit memory task
known to be difficult (Nowinski, Holbrodk, & Dismikes, 2003) . Pilots were still
fargetting roghly seven percant of the time even after five practice flidghts.

Errars an the Rosition Awareness, Check Approach Active, ard Aivcraft Catrol
sub-skills contimued to be sorewhat prablematic for vectored approaches.
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Missed Approach and Hold

The Missed Aporoach and Hold skill was soored using the five sub-skills
shomn in Figure 6. This skill was anly dennstrated during the third and fifth
flidts.

0.5
*
04
03 4 * —o— Identify MAP
B -m Set Inbound Hold Course
5 L] - Engage OBS Mode
- e
° 02 —— Position Awareness
] ] > x — Aircraft Control
u *
0.1 1
A A
O Ll 1
3 4 5
Flight

Figure 6. Sub-gkills that oorprise the Missed Approach and Hold skill.

Identify Missed Approach Point is another sub-skill with potentially sericus
oonsequences. Pilots failed to recognize the missed approach point roughly
12% of the time on their second missed approach procedure. One pilot overran
the missed approach point by 2.4 NM. This sub-skill is particularly worrisore
because the sixteen pilots have already danmstrated their ability to recognize
missed approach points using other navigation systems.

Tre two practice trials proved insufficient for most other suib-gkdlls. Pilots
ansistently had trodole dialing the correct inbord hold course ard in aontrolling
the airaaft.

GPS Approach with Procedure Turn
The GPS Approach with Procedure Tum sub-gkill was saored using the five
sub-skills shown in Figure 7. This skill was dannstrated during the fourth and

Flying IFR with GPS

91



92

0.5

045 A
—~ 04 4 S
20 —&— Set Inbound Course
g 03] -8 Engage OBS Mode
8 03 ¢ °
=1 - Re-Engage Sequence
0] M
S 025 1 ode
ke —%— Position Awareness
8 02
B Check Approach
M 0.5 - Active
\ ~@— Aircraft Control
0-1 1 \

0.05 - g \:
0 - ;

Flight

Figure 7. sdo-gkills that cprise the Procedire Tum Agoroach skill.

After two practice trials, pilots were still sovetimes failing to dial the irbord
hold coarse, ard were still experiencing prdolens with aircraft control .

5. Did similar skills result in similar performance? Lokirg at the sub-skills
listed in Figmes 2 - 7, we notice that sore skills require the pilct to perfam
similar sio-gkills. For exanple, Rosition Awareness and Aircraft Gaitrol are
both required sub-skills for all for ggoroach-related skills. Similarly, Engage
OBS Mode, Re-Engage Sequence Mode, and Check Approach Active are common
to the Vectored and Procedure Tum Agoroach skills. Tt is interesting to note
whether performence an sub-skills were similar across different skills that used
them. Tt may ke that sub-skills that are leamed and practiced an ane skill might
help expedite learming ard inmprove performence an later skills that use them.

Development of sub-skills related to engaging or mmnitoring modes appeared
to follaw a similar trajectary across skills. The Check Approach Active sio-gkdll
seemed to have been soundly learned by Flight 5 for all three GPS approach
gdlls (Soaidgt-in, Vectored, and Procedure Tum) . It is not clear whether ar ot
practicing this sub-gkill in tlhree different cotexts helped to develop a more
general skill. The Re-Engage Sequence Mode sub-skill is another memory-
related gd11 thet presatred most pilots with initial dif fiqity . This sub-skill also
was well mastered across the Vectored and Procedure Tum Agoroach skills.
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There appeared to ke little similarity amog perfomence o the Aircraft Grtrol
sub-gkd 11 across the different skills. Pilots who flew within tolerances for sare
gkills were soretimes quite out of control during performence of other skills.
This cast doubt o theardes thet claim thet aircraft aotrol is an indicaror of a
more gereral division of attention skill that, axoe mestered, gpplies to pilot
performence in the larce.

Conclusion

After grord study ard five practice flights in an airplane, the data showed
that the pilots we studied had not yet reached proficiency for our six instrurent
flying skills when GPS was used at the primary navigation system. It important
to recall that these six gkills were drawn fram the Instrurent Rating - Airplane
practical test starndards (FAA, 1998) and are anes for which each pilot already
had been tested formally and certified to perform while acting as pilot-in-comerd
in instrumet fligt coditiass. A the present tine, mo additiawl training or
qualificatians are required for pilots to exercise the privileges of an instrurent
rating using GPS as the primary means of navigation.

How much practice is needed then? In short, we have failed to answer our
original question in much detail. The anly answer that can be provided by the
data ard aralysis given here is thet it is likely that more then five grord-leaming
sessians ard five fligits are required for the average pilct. It is clear thet aother
study must e doxe in which pilots are permitted to contimue practicing until
reaching a point of asymptotic performence. It must be noted for the present
study that not all gkills were practiced an every flight. Tndeed, at the ed of the
training, pilots performed nmost poorly an skills that they hed practiced anly a
few times. Future studies might be designed to carefully control the mmmber of
practice trials far each gkdl11, ot just the nunboer of flidhts.

These results suggested that IFR GBS is not a “walk-up-and-use” system for

pilots at ary experience level. Comsiderable learming ard practice are required
to achieve proficiency with flying TFR with GPS.
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Appendix 1
Script of Events Used for the IFR GPS Practice Flights

Flight 1: SQL-O27-SQL

SQL-027
Program SQL-Sunol -Tracy-ECA-027 on ground
Announce Sunol
Program VNAV ECA @ 3,000
Announce Tracy
Announce ECA
Announce Moter
Amnmounce approach active mode
Ammounce Eltro
Advcraft aatrol

027-SQL
Program 027 to SQL on ground
Insert Tracy and Sunol
Program diversion
Look up rwy length and frequency
Program Sunol to SQL
Advcraft aatrol

Flight 2: SQL-MOD-SCK-LVK-SQL
SQL-MOD
Program SQL-Sunol -Tracy-Cazli-MOD on ground
Set OBS 009 to Sunol
Set GPS to sequencing mode
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MOD-SCK

SCK-LVK

Announce Sunol

Announce Tracy

Set OBS 018 to Awoni
Announce Awoni

Set GPS to sequencing mode
Amnmounce approach active mode
Announce Wowar

Alrcraft axtrol

Program MOD-SCK on ground

Set OBS 291 to Oxjef

Set GPS to sequencing mode once established
Announce Oxjef

Announce approach active mode

Anmnounce Ipdew

Aircraft aatrol

Program SCK-LVK on ground
Set OBS 246 to Uhhut

Set GPS to sequencing mode
Announce Uhhut

Announce approach active mode
Announce Oyahi

Alrcraft aotrol

Flight 3: SQL-STS-KDVO-069-SQL

SQL-STS

STS-DVO

DVO-069

Program SQL-STS

Set OBS 321 to Zijbe

Set GPS to sequencing mode
Announce Zijbe

Anmnmounce approach active mode
Announce Gokuw

Adrcraft axtrol

Program STS-DVO on ground
Set OBS course to Oriby
Announce Oriby

Amnmounce approach active mode
Anmnounce Eyeji

Program direct to SGD

Set OBS 180 to SGD for hold
Program SGD-069

Adrcraft axtrol

Set OBS 268 to Ipary
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Set GPS to sequencing mode when established
Amnmounce approach active mode

Amnounce Ipary

Advcraft aatrol

Flight 4: SQL-MRY-WVI-HAF-SQL

SQL-MRY
Program SQL-OSI-Sapid-Santy-Mover-SNS-Llynn-MRY
an ground
Engage Heading Select
Engage VS and arm Altitude Hold
Set OBS 141 to Sapid
Arm Nav to capture course
Set GPS to sequencing mode
Announce Sapid
Engage VS and arm Altitude Hold
Announce Santy
Engage Heading Select
Set OBS 286 to Raine
Arm Approach to capture course
Set GPS to sequencing mode when established
Announce approach active mode
Announce Raine
Announce 7.2NM waypoint

M RY-WVI
Program MRY-WVI on ground
Engage VS and arm Altitude Hold
Set OBS 314 to Dyner
Arm Approach to capture course
Set GPS to sequencing mode when established
Anmnmounce approach active mode
Announce Dyner

WVI-HAF
Program WVI-HAF on ground
Announce Giruc
Set GPS to OBS mode for hold
Set GPS to sequencing mode
Engage Approach to capture course
Amnmounce approach active mode
Announce Wohli

Flight 5: SQL-027-SCK-103-LVK-SQL
SQL-027
Program SQL-Sunol-Tracy-ECA-027 on ground
Announce Sunol
Engage VS and arm Altitude Hold
Program VNAV ECA @ 3,000
Engage VS and arm Altitude Hold
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Wraps-SCK

SCK-103

103-LVK

Announce Tracy

Set OBS 090 to Moter

Engage Heading Select and arm Approach
Set GPS to sequencing mode

Announce Moter

Ammounce approach active mode

Amounce Eltro

Program direct Wraps

Use autopilot to accomplish missed approach
Set OBS 180 Wraps for hold

Announce Wraps

Program Wraps-SCK

Set OBS 234 to Oxjef

Engage VS and arm Altitude Hold

Engage Heading Select and arm Approach

Set GPS to sequencing mode when established
Amnmounce approach active mode

Announce Ipdew

Program SCK-103

Set OBS 285 to Quads for PT

Use autopilot to accomplish PT

Announce Quads

Set GPS to sequencing mode inbound to Quads
Engage approach function

Anmnmounce approach active mode

Announce Quads

Program 103-LVK

Engage VS and arm Altitude Hold

Set OBS 246 to Uhhut

Engage Heading Select and arm Approach

Set GPS to sequencing mode when established
Announce Uhhut

Announce approach active mode

Announce Oyahi
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Abstract

Researchers who focus on aircrew performance and its relation to
aviation safety have endeavored to understand personality traits
and attributes and their effect on team coherence and performance.
Moreover, corporate aviation departments and commercial air car-
riers have vested interests in hiring those applicants who have the
propensity to perform effectively in a team environment. As a con-
tinuation of ongoing research in pilot resource selection, the au-
thors have examined the efficacy of binary logistic regression in
screening candidates for instructor pilot upgrade by analyzing psy-
chological surveys of 77 commercial pilots based on the Big Five
Personality Inventory, the Leadership Intelligence Quotient (LIQ)
Self-Assessment and three select attribute scales (Mach V, locus-
of-control, and self-monitoring scales). Results of this research in-
dicated a significant relationship between leader decision-making
and personality attributes complementing team formation. In this
particular study, 36 experienced instructor pilots and 41 line pilots
were categorized with an overall accuracy of 93 percent employing
a two-variable model based on Machiavellian view and self-moni-
toring as independent or predictor variables. These results under-
scored the efficacy of logistic regression as a statistical methodol-
ogy in human resource selection and these psychological dimen-
sions as a means of screening pilot candidates for program
assignment. The demand among commercial air carriers and cor-
porate aviation for greater consistency and validity of aircrew re-
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100

source selection methods grows continuously. In the past, the em-
phasis has been on evaluating technical qualifications and opera-
tional experience. There has been no shortage of applicants meet-
ing the basic standard in these areas. The challenge today and in
the future is to go beyond that stage of evaluation to develop more
effective means of measuring the social aspects of the human
variable in the aviation safety equation. Selection protocols are
under close, continuous scrutiny and now include personality and
temperament characteristics related to crew coordination and team
assimilation (Chidester, 1991). Research suggested that in the past
selection protocols have suffered in predictive validity with content
remaining basically unchanged (Damos, 1995). These protocols
in the past have indicated higher predictive validity in the training
program, not in the operational environment (Damos, 1996).

Effective screening of pilot candidates, whether the purpose is to
identify instructor upgrades or to select hires, will improve the re-
turn on investment of sunk costs related to training (Hackman,
1993).

Research Questions

This research seeks to contimue the developrent of a comprehensive pilot
screening model based on the personality and leadership temperament of the
optimum pilot cadre. To this ed, we raised the following research questians:

1  Are there comon personality traits and attributes shared among

professianl instructar pilots wo have danstrated effective flight crew
leadership during Line Oriented Flight Training (LOFT) trainming?

2 Are there instruments or elements of instruments that have the

discriminatory power to accurately categorize candidates who possess
effective aircrew lesdership qualities?

Methodology

We elected to employ binary logistic regression amalysis since our dependent
variable, pilct status is didotamus (e.g., instructor pilct - line pilot) ard hanee
nanetric. As with miltiple regression, the independent variables are assumed
to e metric. Logistic regression amalysis gpplies in those cases when the total
sanple can be divided into groups based on a nometric dependent variable
characterizing several known classes or categories. Using this methodology,
ar intent was to uderstard categorical differences ard to predict the likelihood
that an individual will kelayg to a particular category based an several metric
indeperdent variables. In aur analysis, binary logistic regression aralysis was
used to distinguish instructor pilots fran line-assigned pilots according to their
psychographic profiles as measured by the following select survey instrurents,
which are explained in the next section:

1 Mach V Machiavellianism Scale

a Tactics subscale
h Views of pecple subscale
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Leadership Tntelligence Quotient (LIQ) Self-evaluation Questiamaire
Self-monitoring Scale

Locus-of -Caontrol Scale

Big Five-factor model of persaality

a Extroversion subscale

h Agreeableness subscale

c Conscientiousness subscale

d HErotional stability subscale

e Opemmess-to-experience subscale

LI NENEN

Instrurentation

We selected ae instrument to evaluate persamality traits, three instrurents
to evaluate attributes, and ane to evaluate pragmatic leadership knowledge.

Personality Traits

We selected the five-factor model of persawlity—referred to as the “Big Five”
(Smith, 2001) . Recent research strongly uderscored the five basic dimensions
of the Big Five (described below) as amstituting the greater part of the sagoe of
humen personality.

1. Extroversion. This factor is aocemed with the individuel’s canfort level
with relationships. Extroverts are oriented toward gregariocusness,
assertiveness, ard socidbility. In aatrast, introverts are more reserved,
quiet, ard timid.

2. Agreeableness. This factar refers to a propasity to yield ar defer to others.
Those who are highly agreeable are trusting, cooperative, and werm in
their demeanor toward others. Those who possess a lower score on this
factor are relatively more disagressble, antagaistic, and cold ar withdrawn
fram others.

3. Cxscientiocusness. Reliability is the main foaus of this factor; those scoring
high terd to be dependable, persistent, orgenized, and respansible. In
amtrast, low scorers tend to be disorgenized, unreliable, and becare
distracted easily.

4. Hrotiawl stability factor canters an pacple’s ability to deal with stressful
sittatias. They tad to be self-anfidat, calm, ad seare in their situatim.
Lower scores sugdest nervousness, insecurity, ard arxdety

5. Opemmness to experience refers to a person’s sagee of interests ard
precccupation with imovation and charnge. Those saoring lower tend toward
the cowentional approach to pradblem solving and are more comfortable
with a routine to which they are adapted.

Research conducted using this instrument has examined a variety of
occupations and work enviroments (Judge, 2001) . Results indicated that
omscienticusness relates positively to jdo performence across the spectrum of
enployment from professional to semi-skilled jdos (Mount, 1994) . Consistent
with these findings, evidence also indicated a prancunced relationship between
amscienticusness arnd “organizatiamal citizenship behavior.” Other dimensions
related to jdb performmence depending on the nature of work. For example,
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extroversion correlated positively to jdo performence in menagerial positians;
while, cpamess-to-experience correlated with perfommence in the training
evirament (Podsakoff, 2000) .

We would expect an effective instructor to reflect above-the-norm
agreeableness, conscientiousness, and enotional stability—key elements to
performing as a strong team leader exercising referent power. It is nportat,
however, to realize that to try categorize pilots acoording to persawlity type is
difficilt if not inpossible (Kirg, 1999, p. 21).

Leadership Acumen

As a surrogate for leadership <kill, we chose the Leadership Intelligence
Quotient Self-evaluation Questicmaire (Murply, 19%). The instrument draws
a research into the beliefs and practices of more than 18,000 orgenizaticnal
leaders in 562 public ard private orgenizations. Fram this database, 1,029
individuals were identified by Muphy (1996) as highly effective leaders
representing the full sogpe of orgenizational levels. Muphy termed them
“workleaders, ” denoting the aorbination of work and leadership, which he viewed
as aarprising the essance of effective leadership. In Mgy’ s model, workleaders
know how to:

- Select the ridght peple,

- Camect them to the right cause,

- Solve prdblans that arise,

- Bvaluate progress towards dojectives,

- Negotiate resolutians to amnflicts,

- Heal the wourds inflicted by change,

- Protect their adltires fram the perdls of crisis, ad

- Synergize all stakeholders in a way that enables them to achieve

improvement together (Murphy, 199)

Cmsisting of 36 iteams, the Leadership Intelligence Quotient (LIQ) Self-
Assessment instrument measures the degree to which a person conforms to
Mrphy’ s workleader model in meking decisians affecting interpersaal relations
and their consequence for organizaticnal benefit. The instrument presents
scenarios that leaders face daily with decision options that reflect both
caventional wisdom and non-traditional approaches. Based on experience and
leadership skill associated with a pilct selected for instructor upgrade, ae wauld
expect instructars to meke decisians that positively affect interpersanl relations
corplementary to mission goals.

Personality Attributes Influencing Team Member Interaction
We cdhose the following attrilbutes because of their reported strength in
predicting lhimen behavior in orgenizations.

Locus of Control. Tocus of Cntrol aoncems the degree to which individuals
view themselves in control of their own destiny and circumstance. Those who
believe thus are termed “Intermals.” Individuals who are of the view that what
happens to them is controlled by random cutside factors are referred to as
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“Extermals.” I individal’ s perception of the controlling element determining
persasl fate is referred to as “oous of aotrol” (Rotter, 1966) . This instrument
consists of 23 items measuring two dimensions— external ard intermal locus of
omtrol. Research suggested that individuals scoring as extermals experience
more jdo dissatisfaction, absenteeism, alienation in the work ervirament, and
have a weaker comitment to their jdo (Blau, 1987). Intermals show higher
motivation and initiative during the enployment interview process (Cook, 2000) .
These results inplied that exterrals might experience jdb dissatisfaction because
of perceived lack of aattrol over decisians affecting their well-being ard interests.
In contrast, intermals might view events and cutcores in the organization as
attributable to their personal actions and performence.

How turmover relates to locus-of -amtrol is corplex. Interrals are prae to
take action ard to terminate nore often; hut, at the same time, they tend to be
more successful on the jdbo and hence more satisfied then their extermal
counterparts (Spector, 1982) . Given the strang cultural enphasis in accepting
persael respansibility as a professianl pilot, we would anticipete instructor
pilots in particular to possess a prawunced intermal locus-of-aontrol .

Machiavellianism. Mechiavellianism refers to a persaality dnaracteristic
naed after Nicoolo Machiavelli, a sixteenth century writer who wrote an the
subject of power-how to gain it and keep it. Christie and Geis (1970) developed
the Mach IV and Mach V instruments to measure three dimensions: tactics in
dealing with pecple, views of the nature of pecple, and cawentional morality.
Persons who score high on these instruments enphasize pragmatism, maintain
enotioal distance, and view the ends justifying the means. Extensive research
has focused on the relationship of high- and low-Mach personalities to
organizational and group behavior (Vleeming, 1979) . We employed the Mach V,
a triadic, forced-respoanse scale, to measure the two primery dimensions of
Machiavellianism: tactics in dealing with pegple and views of the rature of pacple.
Being a foroed-response instrument, the Mach V is preferable since it is less
susceptible to strategic responses. The Mach V is a triadic, forced-response
scale consisting of twenty items—mnine measuring the tactics dimension, nine
measuring the views dimension, and two measuring cowentional morality. We
elected to dispense with this third dimension and focused an the means by
which the respondent endorses deceptive means in controlling others and the
overall view the respaondent has of the general nature of pecple. Those scoring
high on the Mach V scale tend to be more successful when competing for
amtrol of the group, less susceptible to persuasion, ard are able to persuade
others more successfully than those scoring low an the scale (Christie, 1970) .
Nevertheless, the situation has sare influence on the relative success of the
high Mach. Face-to-face interaction, not being encumbered by rules and
regularians ard 1little effect of interpersanl relationship favor the hicgh Mach's
success. Low Machs are more successful in structured situations where human
interadtion is irdivect. At the same time, research indicated low Machs are
more susoeptible to emotional irvolvement with details that do not relate to
success in achieving goals (Christie & Geis, 1970) .
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We would expect effective instructors to exhibit gkills in influencing others
through the exercise of referent power versus power enerating fram authority or
ccercian. This would suggest that they possess a relatively high Machiavellian
arientation regprding tactics in dealing with others.

Self-monitoring. Selfmmitaring is a trait related to a persm’'s aoility to adjust
persaal behavior to the situation at hand (Day, 2002) . Those who score high
reflect adaptability in adjusting their behaviar to meet the dallae of acosptance
in social situatians. Low self-mnitars are less capsble of this social adjustment
ad terd to show their intermal dispositians and attitudes regardless of the
situation. The self-mmitoring scale we enployed in this study consisted of 29
items designed to measure the respandent’s self-perception of persanal ability
to adjust behavior to situatiaal factors. Those who soore as high self-nonitors
display sensitivity to extermal cues and can present a public persaa in marked
aatrast to their private self. Low self-mmitars lack this ability and proclivity to
alter their public persana. Research in this area is in the erbryanic stage, but it
does suggest that there might e a strag correlation with the tactics dimension
of the Mach V scale. That being the case, the expectation would be that high
self-mmitors are successful in supervisory positions where individuals are
expected to present various persanas deperding an with whom they are interacting
ard the setting (Mehra, 2001) . Effective instructors would ererce as high self-
mmitors with the ability to adapt to varying social coditions and persawlities
exhibited in the codkpit.

Procedure

Far the first grop (the instructars), the population aosisted of flidht officers
in examiner or instructor status for their respective crew positions who had
excelled in IOFT taimirg. All were enployed by certified comercial air carriers
ad all bt six were actively flying in the Alr Natiaal Guard or the Air Force
Reserve. The secad grop (line pilots) was aonprised as well of flight officers
enployed by a camercial air carrier. Data on these two groups was collected
over a two-year period 1998-2000 during ane of the author’s service as a flight
d ficer with a majar air carrier . The respondents conpleted the instruments in
confidence and received guarantees of anaymity regarding the results.

Estimation of the Logistic Regression Model and Assessing Overall Fit

Statistical Assumptions

The research prablem was to determine if differences in persawlity traits
ard attributes can distinguish between commercial flight officers serving as line
pilots versus instructor pilots. The aralysis sanple amsisted of 77 respadents—
each enployed by a Part 121 air carrier at the tine of survey aarpletion. Logistic
regression served well as a statistical method for this stidy, given the rdoustress
of lagistic regression to viclation of the assurption of equality of the variance/
covariance matrices across groups.
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Model Estimation

Logistic regression is estimated similar to multiple regression since a base
model is estimated initially to produce a standard for conparison. In miltiple
regression, the mean is used to set the base model and calculate the total sum
of squares. A like procedure is enployed in logistic regression with the mean
used to gererate a log likelihood value in lieu of setting the sum of squares as is
doe inmiltiple regressian. This model allows partial carrelatians for each vardiable
to e established and the most discriminating variable identified hooring the

Table 1 presents the base model results for the logistic regression amalysis.
Tre log likelihood value (-2IL1) here is 106.745. The score statistics are measures
of association used to identify the variable far selected in the stepwise procedire.
We enployed the reduction in the log likelihood value (-2I1) value as our choice
o cdteria. As seen in the first step of the estimation procedire (Table 2),
X5 [SELFMN] (self-monitoring score) and X1 [TACT] (tactics score derived fram
the Mach instrurent) were selected for entry.These two variables had the highest
score statistics—37.948 and 37.622, respectively.

Table 1

Logistic Regression Base Model Results
OVERALL MODEL FIT
-2 log likelihood (-2LL): 106.475
VARIABLES NOT IN THE EQUATION

Variable Score [df=1] Significance

XI1[TACT] Machiavellian Tactics 37.622 .000
X2[VIEW] Machiavellian Views 7.957 .005
X3[LIQ] Leadership IQ 29.344 .000
X4[LOC] Locus of Control 31.377 .000
X5[SELFMN] Self Monitoring 37.948 .000
X6[EXPER] Openness to Experience .002 963
X7[CONSCI] Conscientiousness 33.904 .000
X8[EXTRAV] Extraversion 341 .559
X9[AGREEA] Agreeableness 34.600 .000
X10[EMOSTA]| Emotional Stability 4.661 .031

Although the entry of X5 arnd X1 dotained a reasanable model fit, a lock at
the remaining indeperdent variables not in the equation indicated that five meet
the threshold of .05 significance tlhus suggestirng inclusian. Table 3 shows the
entry variables ard the rammining four steps to include the corresponding change
in the -2 log likelihood (-2IL) . Note that the improvement in all measures of
mocel fit ranging from a decrease in the -2IL value to the varicus R? measures.
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Table 2

Step 1: Entry of X5 and X1 (Self Monitoring and Machiavellian Tactics) Stepwise Logistic Regression
Model
OVERALL MODEL FIT
Goodness of Fit Measures Value Change in -2LL
-2 log likelihood (-2LL) 54.652 Value Significance
Cox and Snell R Square 492 From base model 52.093 .000
Nagelkerke R Square .655 From Prior step 52.093 .000
Chi-square df Significance
Hosmer and Lemeshow | 1.940 8 983
VARIABLES IN THE EQUATION
Variable B S.E. Wald Sig. Exp(B)
X5 -.273 495 16.273 .000 761
X1 .164 .041 15.987 .000 1.178
CORRELATION MATRIX
X5 X1
X5 1.000 -.997
X1 -.997 1.000
CLASSIFICATION TABLE YO[INST] | YI[PLT] Percentage Correct
YO[INST] 29 7 80.6
Y1[PLT] 7 34 82.9
Overall Percentage 81.8

Eopin, although extreanely hich levels of model fit were dotained in the first
step with the two entry variables, X5 and X1, examination of the variables not in
the equation indicated that cother variables could enter the stepwise solution
possibly increasing the discriminatory power of the model.

Table 3
Model Summary
Entry Variables 2LL Cox & Snell R? Nagelkerke R

Initial State 106.745 492 .655

X5 & X1 54.652 492 .655

X9 & X7 49.878 522 697

X4 48781 529 705

X2 40.254 578 771

X10 39.839 581 774

Statistical Significance

Trere are two statistical tests faor the significance of the final model (Table 4).
First, a di square test for a dange in the -2IL value from the base model is
aoparable to the overall F test in miltiple regression. In the seven-variable
model (Table 4), this redrtim is statistically significant at the .000 levwel. In
addition, the Hosmer and Lemeshow (1989) measure of overall fit indicated
statistically ro significance differance in the doserved ard predicted classificatians
(Table 5). These two measures in carbination provide support for acoeptance of
the seven-variable model (Table 4) as a viable binary logistic regression model
ard suitable for further examination.
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Table 4

Step 5: Entry of X10 (Emotional Stability of The Big Five) Stepwise Logistic Regression Model

OVERALL MODEL FIT

Goodness of Fit Measures Value Change in -2LL
-2 log likelihood (-2LL) 39.839 Value Significance
Cox and Snell R Square 581 From base model 66.906 .000
Nagelkerke R Square 774 From Prior step 415 519
Chi-square daf Significance
Hosmer and Lemeshow 16273 | 8 617
VARIABLES IN THE EQUATION
Variable B S.E. Wald Sig. Exp(B)
X5 -477 235 4.130 .042 .621
X1 .000 154 .000 1.000 1.000
X9 -.110 .158 .492 .483 .895
X7 321 .189 2.884 .089 1.379
X4 291 .443 .432 511 1.338
X2 112 .048 5.487 .019 1.118
X10 .098 .153 .408 .523 1.103
CORRELATION MATRIX
X5 X1 X9 X7 X4 X2 X10
X5 1.000
X1 -.232 1.000
X9 157 -.755 1.000
X7 -915 .095 -.196 1.000
X4 -.316 -.439 153 224 1.000
X2 225 -.250 -.244 -.016 -.102 1.000
X10 -.199 .164 -.190 .203 -.009 -.196 1.000
CLASSIFICATION TABLE INST PLT Percentage Correct
INST| 34 2 94.4
PLT| 3 38 92.7
Overall Percentage 93.5

Assessing Overall Model Fit

In assessing mocel fit, several measures are available. First, the -2IL value
is given. Note that the -2IL value is reduced from the base model fram 106.745
to 39.839 with the firal entry of the seven variables (Table 3) . Reduced values of
the -2IL value indicate an improved model fit. The goodness-of-fit measure
aorpares the predicted prdosbilities to the doserved praoebilities with higher
values imdicating a ketter nodel fit. There is ro ugper ar lower limit for this
measure and the value for the seven-variable model is 39.839 (Tables 3 ard 4) .

Next, three measures conparable to the R squared measure in muiltiple
regression are available. The Cox and Snell measure operates in the same
marmer with higher values indicating greater model fit. However, this measure is
limited since it cammot reach the maximum value of 1. Nagelkerke proposed a
modification that has a range fran 0 to 1 (Hogmer, 1989) . In cur mocel, the Gox
arnd Snell and Nagelkerke R Squares had a value of .581 and .774, respectively
(Takble 4) . The third measure of model fit is the Hosmer and Lemeshow value,
which measures the correspondence of the actual and predicted values of the
deperdatt vardable. Tn this case, better mocel fit is indicated by a amller difference
in the doserved ard predicted classification. A good model fit also is danmstrated
by an insignificant chi square value (Table 5).
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Table 5

Hosmer and Lemeshow Test
Entry Variables Chi Square df Significance
X5&X1 1.940 8 .983
X9 & X7 6.545 8 .586
X4 8.532 8 .383
X2 27.164 8 .001
X10 6.273 8 .617

In the seven-variable model (Table 4), all the measures of model fit showed
improvement over the two-variable model (Teble?2). The -2IL value decreased to
39.839, the Cox and Snell R Square increased from .492 to .581 ard the
Nagelkerke R Square increased fram .655 to .774 (Tekle 3). All the improvements
from the double-variable model (Table 2) reflected in the seven-variable model
have indicated a good model fit. The Hosrer and Lemeshow measure still showed
1o statistical significance in differences in the distribution of the actal ad
predicted values of the categorical (deperndent) variable.

Firelly, the classification metrices identical in mature to those used in
discriminent analysis showed extranely high hit ratios of correctly classified
cases for the seven-variable model (Tables 4 ard 6) . The overall hit ratio was
93.5 percant; likewise, the individial grogp hit ratios were consistently high ard
did not indicate a prdolem in predicting the two grogps (Instructor pilots versus
line pilots). The seven-variable model demonstrated excellent model fit and
established statristical significance as well as the variables included in the model.

Table 6

Classification Table*

Entry]  Variable(s) Instructor Line Pilots Overall

# Pilots Correct Pct.

Initial None 0 (0.0%) 0 Instructors 53.2%
36 Pilots 41 (53.2%)

1 X5 & X1 29 (80.6%) 7 Instructors 81.8%
7 Pilots 34 (82.9%)

2 X9 & X7 30 (83.3%) 6 Instructors 81.8%
8 Pilots 33 (80.) 5%

3 X4 29 (80.6%) 7 Instructors 81.8%
7 Pilots 34 (82.9%)

4 X2 32 (88.9%) 3 Instructors 90.9%
4 Pilots 38 (92.7%)

5 X10 34 (94.4%) 3 Instructors 93.5%
2 Pilots 38 (92.7%)

*Values in parentheses are the correct percentages for each category.

Case-wise Diagnostics

Tre aralysis of the misclassification of individial doservatians provided firther
ingight into the possible inprovarents of the model; ut in ar study, there were
aly two misclassified cases providing an inadequate kasis for meking any further
analysis. Case-wise diagnostics such as residuals and measures of influence
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were available, it were of little use in these results. Given the low level of
misclassification, no further amalysis of misclassifications was performed.

Interpretation of the Results

The logistic regression model produced a variate that reflected a positive
association of self-mmitoring, Machiavellian tactics, three of the Big Five
measures (agressbleness, amscienticusness, and enctianal stability), and locus
of amtrol with the dependent varidble, while Machiavellian views reflected a
necptive association.

Conclusions and Recommendations

This study soght the specific dojective of predicting instructor status of
comercial flight officers using birary logistic aralysis. The resulting model
demmistrated excellent discriminent power in sorting instructor flight officers
fram those line-assigned. The study”’ s roader dojective of assessing the viability
of binary logistic regression in screening pilot cardidates for yograde ar initial
hire was achieved. To establish a broadly based, amsistent, ard relidble pilot-
screening model, further study in researching a full range of instrurents is
warranted. The gotimum selection/screening model will more than likely e based
on a conposite instrument, which draws on select elements of various
instrurents that add to the model’ s overall discriminatory power .The success
of this methodology enployed for this purpose rests on the selection of the
referent group-the merbers of which should ideally represent the standard in
flight crew performance. Such a model should be enployed to select-in, not
select-out cardidates. The select-out process refers to screening of candidates
kased oy medical criteria regerding presance of psychiatric disorders disqualifying
individuals fraom oonsideration (Santy, 1994) . In aatrast, select-in criteria are
psydological selectio criteria crucial to persarel selection ard are rot kased
a psychopathology but an social characteristics relevant to camercial flight
crew performence. The ultimete goal is to pick the best persm for the jdb. A
selection model using binary logistic regression and ased on a quality, hidr
performence reference group would add greatly to camercial aviation safety.
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Abstract

During the ground inspection of an aircraft, ground crews inspect
the wings, inspection specimens, and fuselage of the aircraft for
damage. This damage can take the form of cracks, holes, corro-
sion, dents, or other anomalies. It has been shown that a dent with
a depth of 0.05 inches can indicate the potential delamination of
composite materials. Without any special tools and in all kinds of
weather conditions, these inspections are conducted and are criti-
cal for safe flight. This research focused on determining the level of
detectiblity of dents and determining the probability of detection of
0.05 inch deep dents.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Cklahoma City, OK 73125.
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Introductian

The crrrent ard next generation of aircraft will cmtain a much greater
percentage of structural carpanents that are made of conposite materials. The
Boeing Commercial Aircraft Conmpany’ s (Boeirg) 7E7 aircraft, for instance, will
have much more composite material than current generation Boeing commercial
airplanes. Conposite materials can delaminate due to impact and the visual
indication of a delamination can ke very subtle. This type of damege is called
“Barely Visible Impact Demege” (BVID) (Poon, Benak, & Gould, 1990) . Numercus
nondestructive testing (NDT) techniques have been develagoed to find these types
of delaminations. These tedmiques include using ultrasanics, X-ray, infrared,
and laser technologies. However, the visual detection of anomlies by airline
inspectors ard other airline persamel has been and will aontirue to be a major
companent of the aircraft inspection process.

Visual inspection of aircraft for structural damege has been the main defense
agpinst in-flight aircraft breskup since the begiming of flight. Gorensmn ard
Rogers (1983) reported that over 80% of all aircraft inspections are conducted
viselly .A great anmount of research has been conducted an the visual inspection
of metal, structural carpanents. The Visual Inspection Research Project is a
good exanple of a very thorough and well-developed research project, designed
to determire the effect of certain variables an the praoebility of detecting cracks
m alrcraft structure (Spencer, 1996) . Research an this topic was performed
before ard after this project and there aontimes to ke a great anmont we wish to
urnderstand about how humen inspectors perform ingpections. Research an visual
ingpection of carposite materdals is in its infancy . There is little literatire an
this topic. Though, there is a great amount of literature aon the equipment used
to perform non-destructive testing/inspection of carposites (Hsu, et al., 2002),
there is little research that carrelates BVID surface anomelies with interdiar defects.
This paper is an initial examination an the topic of viswal ingpection of coposite
meterials for surface anomelies, mainly dents. We performed this initial, limited
study to begin to uderstard the variables associated with this topic and as a
test bed as to how to perform future research.

The camercial aircraft industry wes interested in determining the visual
prdoebility of detection (RD) of 0.05-inch dents. A 0.05-inch dent is amsidered
a reasanable lower boud cutoff value for visual indication of potential
delaminationg. These ard larger dents would then ke oonsidered for further NOT
to determine whether delamination is occurring. Aircraft merufacturers specify
the types of NDT to use.

In prior studies, we developed RD curves for detecting cracks in metal
structural corponents of comercial aircraft and developed an autamated tool
for developing these data fram inspection data (Ostram, Wilhelmsen, Valaiti, &
Karki, 2002). In this amrent work, we begin a similar process for dents in
conposite material. As a part of this research, Boeing asked the University of
Idaho to conduct a pilot study to determine what size dent the average persan
would detect. Nortlwest Airlines provided two previously rejected inspection
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specimens off ae of their Boeing aircraft for use in this study as research
specimens.

Methods

This section will discuss the inspection specimens used in the study, how
the dents were created, the design of the study, arnd the process with which the
stdy was caducted. Tt is inportant to note that this wes an initial study into
the topic of detecting dents in camposites and as such did not study even a
fraction of the possible experimental variables.

Two inspection specimens were used to conduct this test. Inspection
specimen A was 28 inches wide and inspection specimen B was 32 inches
wide. One-half of each inspection specimen was cleaned from top to bottom
ard the aotrer helf left dirty.The Inspection specimens were displayed on either
side of a separating wall (see Figure 1). Inspection specimen B was displayed
in ambient light and Inspection specimen A was displayed under a lamp to

Inspection
Specimen

Inspection
Specimen
B

Figure 1. Inspection specimen Test Display

The inspection specimens were displayed at a 30 to 45 degree angle. This
was to similate the positio they would be found an a plane after landing. Both
the top and bottom surfaces of the ingpection specimen were accessible for
inspectiom. A poster was included atop the display to show the participents
where these ingpection specimens were located an the aircraft.
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Defects (dents) in the inspection specimen were produced by drogping a 0.5
oz. lead all or an 8 oz. lead weidht fram a variety of heights. The data for
creating the dents are oontained in Table 1. While trying to create a amsistent
dent, two prabolars were noted. The difference between a dent ard failure of the
corposite surface was not always achievable. The weight dropped from the
sare height in different locations on the inspection specimen would produce
different results. If the weidht was drogoed nesr the trailing edoe of the inspection
Specimen, a small dent was created. This situation was also repeated when the
weight was dropped at the upper end of the carbon fiber section. The same
weight dropped in the center of the carbon fiber section fram the same height
would cause acoplete failure of the carbon fiber surface. There was no effort to
amtrol the volure of the dents.

The dents were measured using a depth prabe on a digital caliper.A depth
micrareter was fourd to be unsuitable, as the face of the depth micrareter did
not always reach the bottan of the srall defects. To provide a flat measuring
surface, a piece of shim stock with a hole in the center was used to bridge the
defect.

Table 1
Inspection Specimen Dents.
Inspection specimen A
Top Bottom
X Y Dent Drop X Y Dent Drop
Grid | Grid | Depth | Distance | Weight Grid | Grid | Depth | Distance | Weight

E 19 0.004 | existing J 12 0.007 15 8oz
F 20 0.004 | existing P 26 0.007 24 8oz
G 16 0.006 50 8oz M 24 0.009 20 8oz
S 12 0.010 24 8oz M 24 0.016 200 Soz
L 17 0.013 24 8oz (¢} 17 0.016 35 8oz
G 3 0.016 75 8oz (¢} 10 0.021 200 Soz
E 23 0.019 70 8oz J 17 0.023 30 8oz
M 10 0.050 30 8oz B 27 0.024 75 8oz
B 24 0.061 70 8oz L 5 0.038 30 8oz
P 24 0.076 | 100 8oz D 5 0.061 100 8oz
(¢} 4 0.085 75 8oz
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Table 1 (Continued)
Inspection Specimen Dents

Inspection specimen B
Top
Bottom

X Y Dent Drop X Y Dent Drop

Grid | Grid | Depth | Distance | Weight Grid | Grid | Depth | Distance | Weight
8] 26 0.008 15 8oz F 3 0.004 80 8oz
E 21 0.013 70 8oz K 9 0.007 200 Soz
M 4 0.013 30 8oz N 16 0.009 200 Soz
M 10 0.019 30 8oz R 5 0.010 24 8oz
Y 4 0.020 30 8oz K 24 0.016 20 8oz
0} 18 0.030 20 8oz S 25 0.025 24 8oz
D 14 0.031 70 8oz C 29 0.037 80 8oz
G 12 0.033 70 8oz K 3 0.041 30 8oz
N 25 0.035 24 8oz C 19 0.047 | existing
R 12 0.043 24 8oz E 19 0.063 80 8oz
E 7 0.139 80 8oz

A grid pattem wes laid aut an the top ard bottam of each inspection specinen
to aid in locating the defects. This grid pattem was repeated an the inspection
forms. The participants were asked to mark the inspection form where they
foud the defect an the wing. The participants were not told what depth of dent
they were locking for. In the evaluation of the dents, we would give credit if the
mark an the data sheet was within ane unit of the actual location. In the exanple
shown in Figure 2, the defect is located at Q-24.
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Figure 2. Grid pattem on ingpection specimen A.

Inspection Varisbles

The preflight ingpection of an airplane can occcur at any tine of day and in
any weather/lighting coditions. It was aur intention to examine two of the
nuerous possible varidbles. These were:

1 Clesn vs. Dirty Surface
2 Brdt vs. Anbient Light

To do so, ane-half of each ingpection specimen was cleaned of all axddation,
grease, ard dirt. By having a clean ard dirty side half of each wing, we wented
to know how well ane aould see the defects an different wing conditions.

In addition, a directed light was provided over ingpection specimen A t©
similate a bright flashlight. Ingpection specimen B was digplayed in exdsting
anbient light conditions. However, due to the prdolem of not being able to meke
dents of a consistent size in the corposite material we were not able to
statistically examire these varidbles. We will discuss this further in the Disaussion

There were 73 total participants in the study. The sex and age of the
participants were captured and compared in the study.

The age of the participents was broken into five groups:
- <20 years old
- 21-30 years old
- 3140 years old
- 41-50 years old
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Data Gathering Process

As this is an initial study with fubure detailed studies anticipated, ro attarpt
was mece at selecting a “target” audience. For this initial study, a wide rarge of
participants was selected with a broad range of training and work experiences.
Three facilities were selected for the cgathering of data. The Test Reactor Area
(TRA) at the Idaho National Engineering and Ewiromental (INEEL) site, the
airframe mechanics class located at Idaho State University (ISU), ard the
Tecdmical Support Building (TSB) located in Idaho Falls. There were 24
participants from the TRA area, 17 from ISU, and 32 from TSB.

The TRA persamel represented a mixed group of craft persamel, reactor

operator persarel, engineers, ard office workers. The craft persamel were
mede up of electricians, mechanics, machinists, and laborers.

The ISU persarel were all students in a two-year airframe maintenance
program. Most of the students were in the <20 and 21-30 age group. The class
had experience in aircraft engines and metal airframes/skin. The class had not
een exposed to carbon fiber surfaces.

The TSB persamel represented a mixed group of engineers ard office workers.
This group had the largest representation of females. Figure 3 shows the ages

of the participarts.

To provide an interesting carparison, we gathered data fran ane other graup.
This group was composed of 6% grade science students from Sandcreek Middle
School in Idalho Falls. These students examined one ingpection specimen only,
(limited by class tine), and their doservations have been included at the end of
this paper.

Age & Sex ofthe hspectors

25

20

15

O Age of the Mak hspectors

B Age of Femak hspectors

10

| I I

<20 2130 3140 4150 >51
Age distrbution of hspectors

Num berof hspectors

Figure 3. rge of the participents.
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Results

The overall results of the data gathering are shown in Figure 4. This is the
sumetiom of all the adults surveyed, (regerdless of sex or lighting caditians),
at the three sites. In almost all cases irvolvirg the seller dats, the sare size
dent is missed when it is located an the uwderside of the inspection specimen.
In the case of the 0.05 dents, 95.9 % fourd it on the upper surface ard 90.5%
foud it an the lower surface.

AllParticipants
hpection Specimens A & B-Top & Bottom

120.0%

100.0% B _
_ - _
a —
o 80.0% |
19)
9]
a
.é 60.0%
B
-@ 400%
©
[N
200%
00% |_|
<005 |006-015]|.016-025 | 026-035 | 036-.045 | 046-055 | 056-075 | 076-085| >.085
WA oA Top 79.7% 73.9% 79.7% 95 9% 95 9% 96 6%
OAikwn A Bottom 16 9% 492% 932% 95 9%
OA fwon B Top 374% 50.0% 922% 89.2% 973%
OAfmnB Bottom | 14 9% 554% 67 6% 831% 90 5% 95 9%
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Figure 4. suwary Graph, all participants, Inspection specimens A & B top
and bottam.

When a comparison is made between men and women, it yielded inconclusive
results. On some of the dents, the women were more doservant, and on others,
the men were. There was 1o clear differentiation in the attention to detail between
men or women.

Aoe yielded nmore aonclusive results. For locating dents of 0.05, the most
acaurate gragp was the 31 to 40 year olds when the top of the ingpection specimen
was observed. However, when the bottom of the ingpection specimen was
examined, the most accurate group was the 21 to 30 year olds.

When we campared the data gathered from the three locations, we were very
suprised at the results. As a whole, the ISU students (airframe mechanics)
foud the fewest dents. The conditions in the ISU classroom were no different
from the other display locations and the students were encoureged by their
instructor to locate the dants.
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False Positives

The runber of false positive dents was determined as well. A false positive
was defined as a falsely identified dent. This value was calaulated by dividing
the total runber of falsely identified dents by the munder of actual dents an the
test gpecimen. We felt this was the kest definition of false positives for this
study . These data are sumarized in the Table 2.

Table 2
False Positives
Inspection specimen Mean Median Standard Deviation
A -Top 23.5% 18.2% 26.5
A - Bottom 29.0% 22.2% 28.9
B - Top 16.5% 9.1% 18.7
B - Bottom 31.0% 25.0% 26.7
Overall 25.5% 18.2% 25.0

The runber of false positives for the tops of the inspection specimen was
less than for the bottam surfaces. This was ot statistically significant for Part
A, but was for Part B. In all cases, the median value was less than the mean
indicating that most subjects noted fewer false positive deants, hut a few siojects
fourd a great runber of false positive dents.

Discussion

We noted that the participants each had their own persanal way of examining
the inspection specimens. Sare pecple touched the surfaces more than others
did. When locking at the underside, sare bent over, some knelt, and sore
piled wp a dwair. Others asked to have the floodlight moved. Sore of the
participants asked for a flashlight when examining the undersurfaces ard others
comented that the underside was much harder to examine. It can be noted
that for locating a defect of 0.05 inch o the bottam side, the nmost acarate age
group was 21-30. For the topside, the most accurate age group was 31-40.
This comparison poses the question of whether or not age verses dexterity was
a factor in the detectio of defects between the top and bottan of the surfaces.

The inspection specimen display attenpted to similate bright sunlight and a

clean ard dirty surface. In the tabulation of the data, 1o clear aoclusion can ke
drawn in the relationship to these caditions. It did not appear to meke any
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df ference if the surface was clean ar dirty. Sore of the participants comented
that the bright light mede it easier to see the dents, while others thought the
bridht lidt interfered with their doservatians.

No restrictions were placed an the amount of time that the participents could
have while examining the inspection specimens. Althouch not recorded, we
noticed that the average amount of time spent in examining the four surfaces
tock about 15-20 minutes

This study had some shortoomings. The most significant of these was is the
inebility to ansisteatly meke dats of exactly 0.05 inch an the different surfaces.
We had to adjust the height from where the weight was dropgped to attempt to
create a 0.05 inch depth. This prdolem created sare gaps in “depths of dents”
and consequently the data. These gaps in data are seen in both Table 1 ard in
all Figres in this report.

Summary

A sumery of the data oollected in this research project showed that an
average of 93.2% of untrained adults were able to find dents of 0.05 inch. This
anfimmed that there is potentially a prdolem with pegple being able to see a
gmell dent, and that much more detailed and more specific studies need to be
conducted. We have made recommendations for some future research in

relationship to ar results.

Future Work

Mary variables were not examined durdng this initial study on visual detection
of dents in composites. We are dotaining a much larger section of an ingpection
specimen that will ke used in future studies. We will also ke determining better
methods for inflicting damege in the composite materials with more consistency .

Tre variable of most interest to the aircraft industry are:
- Clean vs. dirty surfaces
- Dull vs. glossy finighes
- Viewing distance
- Visual angle
- Qorrelation of identified interior damege with a surface defect
- Conbiration of visual ard tactile inspections

We will begin this work in the fall of 2004 ard hope other researchers aansider
performing similar studies.

Fun Data: The Sixth Graders

The sixth grade students at the Sandcreek Middle School in Idaho Falls
were very excited to be part of a NASA research project. Because of the class
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sizes ard limited length of a class pericd, the students were asked to anly
examine ane surface. No attenpt was made to distrilbute equally the boys/girls
o the different surfaces. The results of the students’ examinatians are shown in
Figure 5 below.

Mak vs Femak 6th Grade
Tispectbn Specinens A Top & Bottom

100 .0%
a 80.0% 1 n
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S 60.0% 1
0
i)
% 40 0% 1
B
% 200%
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00% -+
006- 016- 026- 036- 046- 056- 076-
<.005 >.085
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02 feron A Bottom Mak 71% 48 6% 78 6% 100.0%
Adferon A Bottom Femak 00% 40.0% 75 0% 75 0%

Depth ofdenti 0.000 inches

Figure 5. Sixth Grade Students

Tt is interesting to note that the sixth graders did a much ketter jdbo of locating
the defects on the bottom surface. This may be because they were very excited
to participate or sinply thet they had an easier time lodking at the uwder side
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Abstract

Technological advances in aircraft automation have revolutionized
the operating environment of pilots (Billings, 1996). As more tasks
originally delegated to the pilot are govemed by automated sys-
tems, cognitive activity changes considerably, such that it moves
away from “perception and response” toward “thinking and decid-
ing” (Mosier, 2002). In light of this change in cognitive activity, re-
search on judgment and decision-making has become increas-
ingly relevant in its application to aviation. Research in the field of
judgment and decision-making, however, has long been divided
into two ostensibly opposing theoretical perspectives. On one side,
the work of researchers is guided by coherence theories, which
focus on the rationality of human judgment. On the other side,
research is guided by correspondence theories, in which the value
of judgments is based on the degree to which they reflect empirical
accuracy. In this study, we examined pilot decision making in light
of work by Hammond (1996a, 1996b, 2000), who proposed that
Jjudgment and decision-making research can, and should, incor-
porate both of these contrasting theories. Using data from volun-
tary incident reports, we examined pilots’ use of coherence- and
correspondence-based decision-making processes as a function
of variables such as phase of flight, weather conditions, type of
event, and level of aircraft automation. We hypothesized that, in
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accordance with the tenets of each theory, characteristics of the
various conditions would systematically elicit either coherence- or
correspondence-based decision. The findings suggested that pi-
lots’ use of decision strategy is dependent on the situational condi-
tions and constraints present. Data suggested that weather condi-
tions and the type of event, but not level of automation, affected the
frequency of pilots employing either coherence- or correspon-
dence-based decision strategy. Phase of flight in combination with
weather conditions impacted the use of a particular decision strat-
egy; in particular, during cruise and approach, pilot decision strate-
gies varied as a function of weather conditions.

Introductian

Over the last 25 years, the tedrological advances in aircraft autormation
have revolutianized the gperating ewirament of pilcts Billings, 19%) . As more
ard mare tasks arigirally delegated to the pilct are put into the aotrol of aarplex,
automated systems, the work of the pilot and the acconparying cognitive
processes change considerably (Mosier, 2002) . In partiailar, the presence of
increasingly sophisticated egquipment designed to fly the plane, mmitor its
miltiple systems, menage flight and navigation data, and a miltitude of other
geeratiang, has affected the cognitive activity of pilots such that it moves away
from “peroeption arnd respanse” toward “thinking and deciding” (Mosier, 2002, p.
B) . In lidt of this dae in camitive adtivity, research an judgrent and decision-
meking has becore increasingly relevant in its gpplication to aviation. Qurrent
uderstarding of the flying task in the aotext of the autamated codkpit, however,
has been limited by the fact that the evolutio in aviation tedrology has not
Ieen acoompanied by a parallel evolution of cognitive theoretical models and
frameworks within which to study it.

Setting the Theoretical Context

Research in the field of judgment and decision-meking has lang been divided
into two ostensibly opposing theoretical perspectives within which the goals of
decision-mekers as well as the decision evaluation criteria are different. On ae
side, the work of researchers has been guided by coherence theories, which
focus an the raticmality of humen judgrent, ard the ability to form and maintain
a logical ard adherent understarding of a given situation; judgments are evaluated
solely an their intellectual and aralytical merits. Research quided by adherence
theories suggested that humans are very poor decision mekers whose judgrents
are prae to frequent errors arising fran varicus situatiael factors. The work of
Tversky and Kahneman (1974; Kalneman, Slovic, & Tversky, 1982), for exanple,
was devoted to unearthing the cognitive illusions and biases present in humen
decision-meking. The concept of coherence-based decisions within the context
of aviatim is best illustrated with an exanple. For pilots, the medium in which
adherence-based decision strategies are mede resides in the information that is
provided to pilcts through the data displays. Pilots use erpirical infometion to
assable a logical and aderant pictire of a situatio in which they fird tharselves
ad then kase their decisions o that picture. Their abilities to cobine all
relevant information raticwlly and amsistently to form an assessment of a
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situation will determine the goodness of any decisions made from that
assessment. A gld’ s decision to meneuver to avoid a potential mid-air traf fo
amflict based solely an information provided by data from the instrument panel
or a pilot’s decision to shit down an engine based an an array of data displays
that suggest an engine maelfunction are both exanples of pilots engaging in
acherence-based decisians. The situations that may immerse pilots in acherence-
based decision-meking are not always so straightforward however, as many
times amflicting infometio is presented to pilots throgh different codkpit
displays. The pilot must use all available information to develop a logical amd
acherent picture of the situation from which decisions are then mede.

Research that falls uder the other theoretical perspective is gquided by
correspondence theories in which lumen judgment and decision meking is seen
as an adaptive trait which thrives in natiral situatians. The value of judgrents as
viewed through correspondence theories is derived from the accuracy of
perosptian, ard the resulting decision behavior based an that perception. Sigmal
Detection Theory is cne example of a correspondence theory (Green & Swets,
1974) inwhich decisians are evaluated an the basis of whether or not the presance
ar absaxe of a stimilus is carrectly perceived. The decision to report its presaxce
or absence is rated acoording to the decision meker’ s accuracy in perosption of
that stimilus. Banswik’ s Lens Model, another correspandence theory, measures
acarracy in the use of praeebilistic ases to judse ar predict a criterian (Braunswik,
1943; 1956; see Cooksey, 199, for a review) . Correspandence-based decisians
within the realm of aviatim irvolve the use of real tine, awviramental, prdesbilistic
cues such as references to air traffic, landmarks, or rumays as seen cutside
the cockpit window, fures that can be srelled fran within the airplane cabin,
clouds, vibrations and any other physical cues that a pilot perceives. The
goodness of a pilot’s correspandence-based decision deperds an its empirical
acauracy ard is a function of how the pilot perceives and interprets physical
cues, the assessment of a situation based on those cues, and how well that
assessment correspads to the actual state of the world.

In aviation, an effective aporcach to uderstanding the nmodem pilot’s task
requires a metatheoretical framework that captures all of its elements. Thinking
of aviation diagnosis and decision-meking processes in terms of ccherence and
correspandence metatheories would allow identification relevant independent
ard deperndent variables according to the theoretical research aotext arnd goals.
For example, a correspondence-based examination might focus on clarity or
‘goodness’ of cues, appropriate cue weighting, or expert recognition of cue
pattems, while a ccherence approach would focus on aonsistency, rtiaslity,
ard conprehensiveness in the use of cues ard information. By defining variables
and cognitive tactics associated with each approach to judgment, we can
examire factors that elicit or suovert perticular strategies or processes, ard
lock at the match between a given situation and effective cognitive processes.

Why Do We Need Both Perspectives?

Arguably, te e’ decision-meking processes would be those that are both
aderent (ratiaally sord) and correspadent (dojectively acaurate) . Aviatian is
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a correspondence-driven work domain in tret it exists within an dojective reslity
that imposes real axstraints an interactians, ard thet must be perceived correctly
(Vicate, 1990) . Clearly, in this ewirament, pilots must meke accurate decisians
lased an praoabilistic cues, such as altering a flight plen based an weather
predictians or performing a go-aroud in potentially hazardous landing caditians,
ard strive for precision in their assessment of traffic threats or in the
acaarplishment of a visual approach. Naturalistic decision-meking frameworks,
such as the Recoonition-Primed Decision Meking model (e.g., Klein, 1993; 2000),
which focus on experts’ achievement of accurate decisions in dynamic
enviroments such as aviation, embody the correspondence perspective of
Judgment . Much of the correspondence process, as defined by these and other
frameworks, is rooted in nn-analytical, intuitive cognition. Several researchers
have documented usage of these processes in aviation under conditians in which
cues are uncertain or anbiguous predictors of reality (e.g., Klein, 1993; Fischer,
Orasanu, & Montalvo, 1993; Mosier, 1991; Orasaru & Fischer, 1997).

Examining decisians solely in terms of accurate use of pradosbilistic cues,
however, does not capture the judgrent process in the automated envirament.
In high-technology electronic cockpits, automated systems bring mamny
praoebilistic cues from the autside emvirament into the ocockpit, and display
them as highly reliable arnd accurate data and information. Pilots in this
enviraoment mist monitor these systems and cockpit displays, meke judgments
about whether or not their indications are aporopriate ard aasistent with the
flight omtext, and, in the event of discrepancies or anarelies, decide what
should be done to bring elements back into sync with each other .Advances in
aircraft autamtion have greatly increased the ne=d for this type of coognitive
activity and decision-meking behavior, which exemplifies the ccherence
perspective of judgrent.

Neither the correspandence nor the acherence perspective, then, is sufficient
to describe decision-meking processes in the electraonic cockpit. Within this
domain, pilots must exercise competence in both coherence and
correspondence. In meny situations, they may altermate between strategies
(Harmad, 2000) . While landing an aircraft in good visibility coditions, for
exanple, a pilot may switch back and forth rapidly from correspondence to
coherence - checking between cues cutside of the window to estimate the
alrcraft’s position, and inside at cockpit instrurents to ensure that glide slope,
loalizer, altitude, and speed indicatians are as they should be. In sare cases,
one crewnember may be responsible for coherence and the other for
correspondence. A standard landing routine may call for ae pilcet to kesp his ar
her head “out the window” while the other monitors instruments to mekes sure
that glide slope capture takes place ard altitude readings are appropriate. ITn
other situatians, the two processes mey represent sequential stages of the
judgment process. Hammond (1996b) suggested that correspondence processes
may represent the inference phase and acherence processes the justification or
ratiaalization phase of diagnostic decision-meking. So, for exanple, the pilot
may see ar aell guoke in the aircraft, infer that there is an engire fire, ad
verify that diagnosis by checking the engine instrurents ard electranic displays
that wauld ke present during an engine fire.
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It is quite possible that the use of either adherence- or correspadence-
based approcach to decision-meking will hinge, to a great extent, o the task
being acoomplished and the circunstances under which diagnoses and decisions
are made. IMn essential first step in the integration of these theoretical
perspectives, then, would ke to determine what factors are associated with
each type of diagnostic ard decision-meking strategy . In this sady, we explored
the relationships between certain variables ard situations inherent in the
operational envirament and the accompanying approaches to decision making
by pilcts. Secifically, we examined how weather conditions (outside visibility,
WC; o autside visibility, IM), gese of fligt (initial clinb, cruise, agoroadh),
sophistication of aircraft autometion (o autametion, highly autometed), and
type of incident evart (equiprent melfunction, traffic incwrsion) affect the pilot’s
use of a acherence-based or correspadence-based approach to decision meking.
The pilot incident reports were collected using the above parameters and a
coding system was developed to ascertain the particular decision strategies
used by pilots during these incidents. While meny of the narratives irwolved
decisians that were purely coherence- or correspadence-driven, several other
reported incidents involved both decision straregies. To understard fully how the
axtext in which decisians are mede affects decision strategies, it is useful to
study the spectrum of contexts ranging from purely ccherence- to purely
correspandence- inducing and all of those in between. While the parameters
used in this study were selected in order to investicate the inpact that certain
variables had on decision strategies, a useful byproduct was the selection of
cmtexts that represent several points alayg such a spectrum.

Voluntary pilot incident reports suomitted to the Aviation Safety Reporting
System (ASRS) were gathered and reviewed systematically on the premise
that pilct decision-meking can ke dharacterized acoording to the stipulations of
either ooherence or correspandence approach by locking for decision behavior
that exenplifies a particular apgoroach. The use of archival data such as pilot
incident reports represents the necessary “causal texture of the ervirament”
(Hanmond, 1993, p. 210), as reported by the pilots. ASRS reports contain
valieble infametim thet hes been reported by pilots in real life in-flight sitietians,
fram their perspectives. In many cases, such information is not even accessible
in high fidelity similations (Degani, Chepeell & Hayes, 1991). The ability to
draw data fran the reaollection of pilots during actual incidents is an important
strength when locking at approaches to decision-meking, since the context in
which a decision is mede may be vital to the use of either odherence- or
correspondence-based approach.

Method

Data were collected fram pilot incident reports suaritted to the Aviation Safety
Reporting System between 1990 and 1998. Because this study was conducted
in corjunction with other research irvolving regiawl air carrier gperatians, we
searched the Part 135 database anly and did not include reports from Part 121
(mejor carrier) gperatians. In that there were meny (24) aobinations of variables
wder cansideration, the data sets for each conbination were limited to 10. To
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cbtain data sets of 10 reports for each of the 24 conbinations of variables (2
event types x 2 weather caditians x 2 levels of autometion x 3 ghases of flight),
a total of 240 reports were collected using search paraneters that, corbined,
brought up anly those that contained the specified parameters. Queried reports
were screened in the order of nost recent to the oldest report until 10 viable
reports were selected for each variable corbination. For exanple, a query for
reports that contained a corbination of the variables equipment malfunction,
and IMC weather conditions was created. The query generated a list of 377
reports that matched those search parameters. Of those 377 reports, the 10
most recent reports for each conbination of parameters were examined for
inclusion in the data set. Exclusion criteria were:

@ o indication of information or cues used by pilct(s),

b the incident was reported by soreae other than a menber of the flight

crew, suth as a flight attaxht ar an air traf fic catyaller,

O insufficient narvative to describe adequately the incident,

A the aircraft was a heliaopter or non-engire plarne, ard

e the narrative did not actually report a traffic or equiprent prdoleam.
This process contirued until we had the 10 most recent usable reports for each
corbination.

Once all reports were aollected, they were aoded for decision strategy .The
reports to e read and aoded contained anly the accession rumer and the pilot
rarrative; infometion regarding the variable aabinations wes listed in a sgparate
database, ard linked to the “narrative anly” reports by the unique accession
ninbers. Due to the rature of the coding systam, the variability of how behaviors
ard informetion were presented in the pilot narratives, ard the tedmical rature
of the subject metter, all 240 reports were coded two times. All 240 narratives
were first read by the primary coder . The narratives were then divided into two
groups of 120 reports and each group was assigned to a secondary coder .The
secondary coders worked independently of each other, arnd discrepencies that
arose between the primary and secondary coders were recanciled. A prelimirary
check revealed an inter-rater reliability of 75% when aoders worked indepardently
fran each other ard the primary coder . Tre relatively low driitial inter-vater relidnility
was larcely a result of differences in interpreting narvative details that describe
the decisio strategy used by the pilots ard, to a lesser extent, misinterpretarians
of the rarratives due to unfamiliarity with acramyms used within the text. This
agreement was increased to 100% when all reports were reconciled through
consensus with the primary coder. Consensus was reached by breaking down
each rarvative to point ait wet details within the text sugoart a partiadlar decisian
type ard to define unfamiliar acramyms.

Coding System

A coding system was developed in order to reliably determine from reading
the narratives whether or not pilots engeged in acherence-based, correspadence-
based, or both types of decision-meking strategies. A carpilation of 20 yes/no
questions was created, the answers to which could determine the strategy used.
The coding system was based on the characterizations of ccherence and
correspondence in decision-making, and assumptions of what behaviors each
type of decisim strategy would elicit. The underlying questians used to develop
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the yes/no items in the questicmaire were, “What does coherence-based
decisian-meking lock like during the task of flying an aircraft? What does
correspondence-based decision-meking look 1like?”

The first 18 itams of the coding sheet were designed to identify the pilct
behaviors that could determine which decision strategy was used. For exanple,
item munber ane stated, “The pilot uses information anly,” with examples such
as gauges ard engine parameters, publications, and visual or aural warmings/
indicatars. A yes answer to this question irdicated that the pilot engeged in
ccherence-based decision-meking. Another item, “The pilot uses ane or nore
direct sensory cues anly,” included exanples such as outside views (looks
auside the cockpit window), traffic, terrain, rumay caditions/features, odors
and/or sounds other then autamted warning sords (e.g., “thud,” “bang”), or
aything kinesthetic (e.g., “felt” the plare yaw, rall, pitch, etc). Oder itaws
clarified strategy by coding whether the pilot mentiaed the fallibility of any of
the cues used, where the initial indication of a prdolem came from, whether the
pilot crosschecked other sources during diagnosis, etc.

As mentioned earlier, ane of the findamental distinctions between ccherence
and correspandence-based decision-meking is the overall goal of the decision
maker. The fimal two questions of the coding sheet were designed to query
autright which decision strategy was used based on the overall dojective of the
pilct (i.e., to create a logical pichre of the arrat sitetio, ar to verify the
enpirical acauracy of information and cues) . Criteria for answering the last two
questions were based an the overall focus of the pilot’s attention (cathering
informetion, or cues), and what he or she seamed to cansider most when resolving
(or attempting to resolve) the incident. Sare incidents seemed to irwolve both
acherence- and correspadence-based decisian strategies, where both strategies
played an equally inportant role in the resolutim (ar attenpt at resolutian) of the
Incidat. A “es” answer to the last two questions indicated in this study thet
both decision strategies were used. Few incidents were categorized as both,
but it is noteworthy to mention that identifying the use of oodherence or
correspandence was not always straightforward and, in fact, a corbination of
both strategies may have been enployed for a single decision. It may also be
likely that in a given incident, several decisians were mece in arder to resolve, ar
attenpt to resolve a situatian, and each decision required a different agoroach.
For exanple, in ae incident a co-pilot used both strategies in a decisio to
alert the cgptain of a need to deviate fram a arret fligt plan. The co-pilct used
Ioth ghysical cues (visible icing an the leading edoe of an aircraft wing) as well
as data (en assimilation of infarmetion from instrurent readouts signifying aotrol
surface prdolars) to arrive at a decisian to alert the cgptain of a nead to alter the
flight plan to accamodate the possible aircraft malfinction.

Results

This study erployed the inferential statistic X? (Chi-square), an agpraoriate
statistic for amalyzing qualitative data such as pilct incident reparts. Ghi-square
is an inferential statistical test thet is based an romiral data (e.g., deta thet
describe categories of events) . A Chi-sguare test determines whether or not the
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frequency of an event is degpendent an the oontext in which it ococurs. The rull
hypothesis of a Chi-square test is that the frequency of an event (the deperdent
variable) is ot depardent an the cattext inwhich it coors (irdeperdent vardable) ;
rather, the frequency is a result of dence alae. A rejectio of the nill hypothesis
indicates that the frequency of an event reveals a systematic pattem and that
the frequency of an event is dependent an the aomtext in which it ocours. The
proportion of frequencies of coherence- and correspondence-based decisions
by pilots was coupled with the variables autlined above: (a) weather caditians,
o) type of incidat evat, (©) lewel of atamtiom, ad (@) gese of flidgt. Aalysis
of these frequencies revealed whether or not the use of coherence- or
correspondence-based decisions was dependent on these variables.

Weather Conditions

The findings indicated that, overall, the use of acherence or correspadence
does depend on the weather conditions X? (2, N=240) = 37.80, p < .001. For all
incidents that occurred during IMC, pilots made coherence-based decisions (N
= 90) more often than they made correspondence-based decisions (N = 18),
ard although the frequencies of decision strategies were quite similar during
WL, pilots still made correspandence decisians (N = 61) more often than they
mede acherence decisians (N = 46) . These findings support the notion that in
an ef fort to aoduct goeratians fram an accurate perosption of reality, pildswill
likely attenpt to meke correspandence-based decisions when cutside visibility
permits. Cowersely, wen atside visibility does not exist, pilots will fargp
attenpts to meke decisians that correspad to dojective reality and instead,
develop a acherent picture of the information supplied to them through codkpit
displays, ard then base their decisions an the acherence of that information.

Event Type

As praposed. in this study, when pilots encomnter an aivcraft equiprent prdolem
or melfunction, it sears likely that they would enploy aderence in their judgrent
meking because their goal would be to detect ard resolve the pradolem within the
closed-circuit emvivament of the aircraft’s systans and subsystans by building
a logical ard aderent picture of the available infometion regprdirng the aircraft’s
operating systems. When pilots encounter incidents that irvolve a prdolem with
surrourding traf fic, however, it is suggested here that they would attenpt to
establish carrespadence in their decisians if artside visibility permits, and would
attanpt to establish adherence if autside visibility does not permit. The findings
suggested that the use of coherence or correspondence does depend on the
type of event X2 (2, N= 240) = 35.33, p < .001. For all incidents irmolving equiprent
problems, pilots made coherence-based decisions (N = 88) much more often
than they made correspondence-based decisions (N=18), and during traffic
problems, pilots made correspondence decisions (N =61) more often than they
mede acherence decisions (N = 48) . These findings suggested that the type of
activity in which pilots are engaged does inpact their decisian-meking strategies,
at lesst when the evats either irvolve equiprent melfunctians aor traffic anflicts.
Phase of Flight

The likelihood that a pilot’s decisians will be based an either correspadence
or oderence during a partiacular ghase of flight may be a function of the types of

International Journal of Applied Aviation Studies



incidents that oocur most frequently at any ae phase, as well as the visibility
aaditians at the time of the incident. Incidents irwolving traffic may be more
likely to coor during times when plares are flying in the traffic pattem, yet
incidents irvolving aircraft equipment melfunctions mey happen at any time.
Overall, without ansidering incident type, phase of flidght kore ro significance in
terms of whether or not cocherence or correspondence was used more often X?
(4, N=240) =5.31 p= .26. Across all phases, ccherence was used nmore often,
yet it was used relatively less often during initial clinb then during cruise ard
approach. The difference in frequencies of each decision strategy was smallest

Prase of flight, in carbiration with traffic prablems and weather coditians,
did produce sare interesting findings. During traffic prdblams while in cruise the
use of coherence or correspondence depended on weather conditions X? (2, N=
40) =21.50, p < .001. This also was true for approach X? (2, N=40) =19.89, p
< .001. This was not true, however, fix imitial clinbX? (2, N = 40) = 5.46, p =
.065. A poesible explaratiom far this would be the fact thet, during initial clinb,
the airplare was beneath the cloxd deck such that the weather caditians (cutside
visibility) were WIC regardless of the reported weather caditions. While the
differences in strategy during initial clinb traffic situatians were not significant,
the pattem of use of acherence and correspandence was similar to the other
camparisans of weather conditions - the use of coherence was more frequent
during IMC corditions while the use of correspondence was more frequent in
VMC conditions.

Level of Automation

Tt was suggested in this study that the level of autaretion would affect
plds’ approach to decision meking. A cockpit ewirament with little or ro
autaretion would draw pilots away from the inside, closed-circuit ervirament
of aircraft systamns ard direct them towerd the outside, real-time evirament
vwhere it is more likely that decisions would be based on correspondence with
the autside ewirament. In antrast, pilots flying a heavily autareted aircraft
are warkirg in an infametion-rich envirament in which the status of the airplare’s
systans ard flight perfamence are presented to the pilct in the fom of informetion
displays. In this heavily automted ewirament, the relative frequency of
coherence-based decisions was hypothesized to be high because the tasks of
the pilot would require meintaining a adherent picture of the infamation available
inside the codkpit. The level of aircraft atamtion, overall ar in aabiration with
any of the other three variables, however, did et significantly af fect the use of
ccherence or correspondence-based decisions.

Discussion

While the evolution of increased autaretion in aviation has greatly enhanced
airlire safety, fleddlity, ad ef ficdey, the impact that it has an the himen
Qperator is extrare. As the role of the pilct gradally noves fram active catroller
to passive monitor, the accompanying decision processes must evolve
accordingly . ITn light of this progressian, the need for research in judgment ard
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decision meking in aviatim is transcended anly by the need to build a solid ard
unified theoretical framework upon which such research can be conducted. This
study has applied the coherence/correspondence metatheorical approach
advocated by Hammond to the aviation domain. The findings suggested that in
aviation operations the use of either coherence- or correspondence-based
approach to decision-meking does hinge, to sore extent, on the circumstances
under which decisians are mede. In particular, westher/visibility coditians ard
type of evant, as well as phase of flight in cobination with other varidbles will
systeamatically and predictably influence the type of decision strategy enployed
by pilcts.

The findings from this study warrant further investigation an the decision
processes of pilots within a theoretical framework that conbines both acherence
ard correspadence theories. It is clear that research that attenpts to define,
describe, or evaluate pilots ’ decision-meking with respect to anly ane decision
theory is likely to e misleading and unrepresentative of how arnd why pilots
actually meke decisians. A more structured approach to understanding how
pilots meke decisions and a refinament of what behaviors constitute the use of
ae decision strategy versus another would be a valuable extension fram this
study . The methodology ard analysis used here was limited by the nature of the
data; pilot narratives provide rich qualitative data, yet carrct offer aomplete ad
trustworthy information an every aspect irvolved in pilots’ decisians (Ghappeell,
1994) . Careful menipulation of the circumstances under which pilots are doserved
as well as a thorough docurentation of pilot actions may supplement with more
relisbility the firdings of this stody.

Tre failure to find differences in decision strategies as a function of level of
autoretion was surprising and mey have been an artifact of the report selection
process. The search criteria for level of autamtion used in this study were such
thet a low level of autametio included anly those reports where level of autametion
was ‘Nae,” ard a high level of autamtion included anly those reports categorized
as “Automated/Integrated Navigation and Flight Control Systems.” These
categories were used with the intention of creating a suostantial difference
between reports involving aircraft low and high levels of autometion and we did
ot use reports fram other categories of autamtion. It may be that if this study
had included incidents fram all levels of autaretion then significant findings with
regard to aircraft automtion may have been found. 2dditiawlly, te ASRS CD-
Rom used for the study did not include reports after 1998, which limited the
ninber of reports irvolving aircraft with soohisticated flight menagament conputer
systems in our sample population.

A closer lock at aircraft automation and the use of coherence and
aorrespadence, either by carparing incidents categorized in the ASRS reporting
system or through a laboratory study, mey revesl significant firdirngs. It is
inportant to aasider that even the lowest level of aircraft atametion has displays
ard that sore decision strategies may be used across all levels of autaration.
In such a case, decision strategy would not vary across the levels of autamtion
but wauld, instesd, reside within all aaditias of aircraft astamtion sgohistication,
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thus revealirng ro significant differences. Rurthermore, it is possible thet decisian
Strategies are deperdent an factors other than the level of autamtion, factors
that have not been explared in this study. It is likely thet a more rigoraus agoreach
to leaming the effects of ocockpit automtion an the use of ooherence- or
correspadence-based decisians will yield significant results.

Tre effarts taken in this study provided an inpartart firvst step in uderstanding
the decision processes within a unifying framework of two historically
axtradictory decision thearies. While there are notable limitatians to this study,
the pattermns of use for coherence- and correspondence-based approaches to
decisian-eking under varyirg situatiaons are evident, and further research efforts
are encouraged.
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Abstract

The air transport industry is currently facing many challenges due
to worldwide economic pressures and increasing costs of security
and safety. It also has tremendous growth opportunities because
of increased travel, growth in global manufacturing, and product
development, as well as an increasing dependence of national
economies on air transport as a facilitator for economic activity.
Based on Intemational Civil Aviation Organization (ICAO) audits,
compliance with ICAO requirements by many civil aviation au-
thorities around the world is not adequate and often not sustained.
Lack of political commitment and needed resources are often de-
ficient in sustaining the minimum regulatory activities and over-
sight needed to match the pace of growth in aviation activities.

This paper discusses the role of oversight in the aviation industry
worldwide by examining the critical elements of an effective civil
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aviation oversight authority. Analysis of data on civil aviation au-
thority oversight organizations showed that it is difficult to identify
clearly quantifiable metrics for measuring the strength or degree of
compliance of a civil aviation authority. Furthermore, the resource
limitations of many civil aviation authorities make it clear that re-
gional organizations are the best approach to strengthen over-
sight capabilities.

Introduction

The air transport industry has played an increasingly important role during
the last quarter of the 21* Catury as a facilitator of overall ecoxnic activity
ard as a critical element in certain econamic sectors. Air transport has become
a necessity to ensure the efficient and cost-effective movement of goods and
services. However, mary civil aviation authorities that are mendated by natiamal
govenments to ensure safety and security are not able to sustain effective
regulatory activities needed to match the pace of growth. This paper discusses
the role of oversight in the aviation industry worldwide by examining the critical
elements of an ef fective civil aviation oversidt authority . These critical elerents
have been used as the basis for an evaluation program by aviation safety and
searity authorities in the United States to categorize Civil Aviation Authordities
(Ca) whose airlines fly to the United States. According to the United Nation' s
tedmical agacy far aviation, the Tntemetiasl Civil Aviation Orgenization (ICRO),
each Manber State is regposible for ensuring that its airlines are in aopliance
with the comntry’s safety regulatians.

The George Washingtan Uhiversity Gosortium far Aviation Safety ard Seardty,
through a grant from the Federal Aviatom Administration (FA2), has developed a
program to advocate the improvement of oversight by (AAs around the world.
This program, developed and conducted over a three-year period, addresses
key dhallenges ard issues facing oversight officials from around the world. The
George Washington University Consortium has hosted a series of on-going
meetings amag high-level foreign govenment officials with a foous an resources
and structure to achieve full compliance with the Standards and Recommended
Practices (SARPs) adopted by ICRO.

Tntemretiasl Aviation Oversidit

Background

The runcer of worldwide airline passengers in 2003 has reached an all time
high of 1.8 billim, an increase of 400 million over a nine-year periad from 1994 to
2003 (see Figure 1 - IC2O, 2003) . While a dip occurred in 2001 and 2002 due to
a world economic downturn, followed by the September 11, terrarist attadks ad
the Severe Acute Regpiratory Syndrome (SARS) outbreak, growth continued in
2003. Not withstanding the importance of passengers carried, air transport has
becare a necessity to ensure the efficient and cost-effective movarent of goods
ard services. Today, air trensport has becore crucial in meintaining contenporary

International Journal of Applied Aviation Studies



I
| @ Domestic O Internati gnal

]
o]
=]
=]

-’
)]
=
o

1200

8OO

400

Passengers Carried (Millions)

1951 15995 1996 1997 15998 1599 2000 2001 2002 2003

Figure 1. Increasing Nunber of Passengers Carried by Ar Transpart (Note.
From “Air Traffic Remains Flat, Improvements Expected in 2004,” by ICRO,
2003) .

just-in-time business processes such as fresh food and flower transport.
Thegrowth in the rumber of passengers and cargo being carried anmually by
aamercial air transport, the ever decreasing tolerance of the public for aviation
accidents (due to inproved safety records and media attention to such accidents),
ard the stated goals to reduce worldwide accident rates (for example the FAA's
goal to reduce the fatal accident rate by a factor of five in 10 years) mekes
intermatianl oversidit activities more critical then ever.

Table 1 provides select data on the naticwal econamy and indicators of the
size of govermmental authorities mendated to oversee aviation safety.Table 1
shows countries that have been de-identified fram eight different regians around
the world. Next to each country are their arrual gross dorestic product (GDP)
ard four colums with data o their aviation oversight. The size of the natiaal
aviatim industry is represented by both caomercial air transport goeratars (ATO)
ard aircraft registered (BR). These figures are then carpared with the rmmber
of aircraft goeratians ingpectors (@0I) as well as aircraft inspectors (BI) to
demanstrate the relative size of the matiawl oversight authority. Comtry E for
exanple has almost $500 billion GDP, with seven ROIs overseeing almost 80
opcerators ard eight Als to ingpect almost 500 aircraft. Table 1 shows that most
comntries have a low ratio of ingpectors to operators, and ane can reasanably
state thet the lower the ratio, the better. While a quantitative assessrent is not
possible without specific details about the inspection system for a contry arnd
their quality aotrol apporoach, sore qualitative doservations are easy to meke.
Far exaple, gereral aviatim aircraft are inchuded in 2R, but even ignoring general
aviation the mnber of coperators (ATO) is a key factor in determining the
inspector force needed. The inspectors are respansible for overseeing the
aarpliance with safety regulations of both civil ard general aviation aircraft, ad
thus the workload and quality of inspection depends on marty factors.

Importance of International Oversight in Aviation
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Table 1
Selected Data Relevant to Oversight Activities in Select Countries

Region Country | GDP($) | CATO AOI AR Al
Asia & Pacific Region A 429.0B 14 17 227 17
Middle East B 53.0B 13 4 127 4
East and Southern Africa Region C 50.6B 3 4 69 4
Western & Central African Region D 4258 3 4 43 10
European & North Atlantic Region E 468.0 B 76 7 469 8
Northern American Region F 900.0 B 500 267 6631 98
CenFral American & Caribbean G 308 1 2 25 2%
Region

Southern American Region H 3910B 106 45 4580 90

Note. From “The World Fact Bodk,” by Central Intelligence Agency, 2003 and from “Select Audit
Findings,” by ICAO, 2003. GDP = gross damestic product, CATO = comercial air transport
cperatars, 0L = aircraft gperatians inspectars, 2R = aircraft registered, Al = aircraft inspectars.

Throughout the past few decades, both actual evidence ard econamic studies
have clearly demmnstrated the benefit of having a rdoust, safe, and secure air
transport system (George Washington University Consortium, 2004) . It is easy
to aclude that there are no direct correlations between the readily available
eqaanic data, the oversight data, ard the effectiveness of a contry’s oversidht.

The Need for International Aviation Oversight

Ef fective oersigt, while dif fiailt togatify, is both desirable for ecaxamic
development and tourism, necessary for intermational air operations, and
mendatory under ICRO treaty doligations for each Member State. Today, there
are 190 comtries that have agreed to abide by mendatory safety and security
regulations as Marber States to the Cawention on Intematianal Civil Aviatim
(ICRO, 2003). One-hindred of these contries have close to 600 air carriers
flying into the Thited States (F2A8, 2003) . Due to the hicgh mnber of air carriers,
there has been an ongoing public concermn about non-United States airlires’
safety and conpliance with mendatory safety regulations. According to the
Cowvention, each Menber State is regpansible for ensuring that its airlines are
in carpliance with its own safety regulatians.

n Jaruary 25, 1990, the Golarbian airline Avianca Fligt AV052 crashed on
the north shore of Lag Island, New Yak. This accident brought the public
axxem for aopliance of fareign airlines to the forefrant of Uhited States public
policy. Ultinetely, the AV0O52 crash brought about significant changes in how
the FA A oversees foreign flight goeratians into the Thited States. The National
Transportation Safety Board (NTSB) (1990) concluded that the probable cause
of the crash was the failure of the flight crew to adequately merece the airplare’s
fuel lced ard their failure to commnicate an erergency fuel situation to air
traffic aontrol before fuel exhaustion occurred. The failure to commicate the
arergercy fuel situation was due in part to the flight crew’s lack of knowledge of
the Standard English phraseclogy used for emergency situations. The probable
cause of this crash was particilarly significant to aviation oversidght policy because
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the NTSB strongly recomended (1990) that the FAA should take immediate
action to meke certain that foreign flight crews goerating within the United States
were thoroughly knowledgesble of the flight goerating ard air traffic aotrol niles
ard procedures, including standard phraseology, far qoeratirg in the Uhited States.
The United States Congress pressured the FAA to address the deficiency in the
training ard quelificatias of Flidt AV052’ s fligt crew.This resulted in further
questians o the respansibility for ensuring compliance with safety rules by
fareign airlines flying into the Thited States. This set in motion the developrent
of the Intematiawl Aviation Safety Assessment (IASA) program by the FRA.
The TASA program was designed to measure the degree of compliance with the
ICAO standards and recommended practices by countries that maintain flight
geerations into the Uhited States.

International Aviation Safety Assessment Program (IASA)

There are nearly 600 foreign air carriers that arrently goerate into the United
States fram 100 coutries or regiawl comtry allisnces that have oversight
respansibilities for those air carriers. The TASA program assesses whether another
aoatry’s oversight of its air carriers that qperate, ar sesk to qoerate, into the

United States comply with minimum intermational standards for aviation safety.

In 1992, the FAA begen to assess whether each foreign Civil Aviation Authority
(1) with air carriers cperating into the Uhited States met the safety standards
for Intermatianl Camercial Arr Transport aantained in the Qperations of Alraaft
Amex 6 to the Cawvention an Intematiamal Civil Avistim. To determine whether
a (A aarplies with IC2O standards regarding its oversight of air carriers uder
itsathority, e FAA amalyzes collected information fram several sorces. These
souarces include the foreign A respansible for providing safety oversidght to its
ailr arder, pertinent records, ard of ficials of the sioject faeion air carriers. Based
on the IASA assessment of a CAA, the United States Department of
Transportation recomends whether or not to permit initiation, contirwation, or
expansion of air services of all carriers overseen by that (RA.

The FAA arigirally established three categories to rate the level of aopliance
by a CAA (2003). In 2003, the FAA revised the rating system to two categories
to remove sore of the stigma from the program. Focusing only on the CRA
themselves, and not the air carriers, the IASA program classifies a contry as
Gategry I if it is in full copliance ar Gategory IT if it is not in conpliance with
ICAO Standards (FAR, 2003). The FAA places a coutry in Category IT status if
it determines that there is deficiency in ae or more of the critical areas of safety
oversight as established by ICRO. Areas critical to carpliance include: laws
ard regulatians, tedmical expertise, resources and orgenization to license and
oversee air carrier cperations, adequately trained and qualified tedmical
persarel, adequate inspector guidance to ensure enforcament of and compliance
with minimm intermatiaal standards, docurentation ard records of certification,
ard adequate aontiruing oversight ard surveillance of air carrier goeratians.
These critical elements are discussed later arnd depicted in Figure 3. Category
IT is divided between two groups of contries, as ane group includes countries
that have carriers with existing cperatians at the time of the assessrent, which
are permitted to gperate at their arratt level without an increase ar denge, ad
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also uwder heightened FAA surveillance (rapresanted as “Category 117) . (ountries
in Category IT with existing gperatians carmot add new air services or aircraft to
their exdsting goeratians. Rrthemore, if an air carrier redies its air services ar
alrcraft fleet while the comtry is in Gategory IT status, it carot replace those
lost services or aircraft until it achieves Gategory I status. The secad graup
includes countries that have been corpletely prohibited fram operations due to
a particularly high degree of non-aarpliance. This graup also includes coantries
that do not have carriers with existing gperations into the United States at the
time of the assessment. In both cases the carriers fram these comntries will not
e permitted to comence service while in Category IT* status (vepresented with
the addition of an asterisk, thus “Gategory I1*”) . The FAA caxcluded (2003) that,
in 194, two-thirds of the contries with existing geeratians to the Uhited States
were not fully cormplying with minimum standards and practices. According to
the 2003 assessment, the mumber not fully complying has dropped from two-
thirds to ae-third (FAR) . Figure 2 shows the rumber of countries categorized
by IASA arranged by geographic regions designated by ICAO and modified by
the authors. On the x-axds are eight regions and an the y-axis is the runber of
aoutries adited per region. Seventy-two of the total 100 cortries are in full
corpliance.

24
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Figure 2. 1nSA Categorization of Countries Shown According to Region
(Note . From “Overview of the Federal Administration Flight Standards Service
Tnternratianvl Aviation Safety Assessment (IASA) Program,” by FAA, 2003).

The Standards of the Convention on International Civil Aviation

Tre Cavantion an Intermmatiael Civil Aviation was signed in 1944 and resulted
in the establidhment of the ICRO. The Cawention stipulates several caditions,
inchuding thet all cartries meintain sovereigtty of the air soace over their territary,
thet sigararies have a reriasl respmsibility far fulfilling caditians with respect
to licensing, certificatio, ard inspectiom, ard thet they are respasible for
ravigatim services, accident irvestigation, ard sharing of pertinent informetion.
The Cawention also established IR0 as the United Nation'’s teclnical agency
for civil aviation and its mendate was defined as the safe and orderly growth of
interreticel civil aviation. To achieve this end, ICRO approves and adopts
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Standards and Recommended Practices (SARPs) that are included in the
Amexes to the Cowvention. Each country that signs the Convention must
implement an effective safety oversight system that conforms to the SARPs.
Each ICAO Menber State must strive for conformity with the SARPs and must
notify IO if it intends to differ from any standard. Non-aonformity must always
ke noted an adrcraft ard flight crew licenses ard certificates, ard non-anforming
alrcraft and/or flidht crews ey goerate in other comntries anly with its expressed
approval . Notification of non-anformity as required by ICRO can be a valuable
asset for Menber States in order to be aware of discrepancies that may raise
safety or seaurity aoncems. Ultimately, individual Member States provide the
enforocement authority for compliance.

Member State Responsibilities for Aviation Safety Oversight

The doligatians of Marber States uder the Cowvention on Intermatianal Civil
Aviation include conpliance with dl the SARPs under the eidhit critical elaemats
of aviation safety oversight (ICRO, 2003). Figure 3 describes these critical
elements as interdependent, fundamental building blocks of a safety oversight
system. When examining these elements noted in Figure 3, it is clear that
primery aviatiom legislation is the kasis for effective inplanentation of the other
elarents. Prinery aviation legislation should provide the basis for operating
regulations ard a range of enforcament mechanisms, and establish the structure
of a A. Tt should be omsistent with the envirvament and conplexity of a
state’s aviation and lecgl system. The operating regulatians should be properly
inplemented and promilgated in accordance with the laws of the Manber State.
Once the regulations are inplemented, developing a CAA structure cones next,
which includes that a director should head the CPA with legal authority over civil
aviation. The (AA structure should provide the necessary technical and
administrative persarel, ard other resources. Rurthermore, both the regulatians
and CAA structure must provide adequate procedures and systems to check
and balance the separation between regulatory and gperating finctions.

Establishes the CAA Structure, provides for specific

operating lati and enfc
. . Complies with International Convention and Annexes 1, 8
Aviation Legislation and 6

- - - / Designate a director, necessary technical and administrative
Specific Operating Regulations personnel, adequate procedure and systems, checks and

balances between regulatory and operating functions

CAA Structure
Inspection activities must be performed in a standardized

manner
Technical Guidance

Inspect the activities of the aviation community, divided
into various disciplines, trained in both certification and
surveillance functions

Qualified Technical Personnel

Licensing and Certification Implement minimum standards for personal aircraft
Obligations [~ %] and companies to ensure and document compliance

Continued Surveillance

Obligations \ Ensure compliance with the standards and any newly
adopted rules, i ion plan and d ion

\ Identify discrepancies through inspections, require prompt
corrective action, evaluate effectiveness of corrective actions,

formal enforcement action

Resolution of Safety Issues

Figure 3. Eidght Critical Elements of Safety Oversight (Note. Fram “Overview of
the Critical Elements of Seaurity,” by George Washington Consortium [GW
Consortium], 2003) .
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In addition to safety, signatories to the Cowention are respansible for
implerenting and conforming to aviation security standards and recommended
practices. The terrorist attacks of September 11, 2001 raised the question of
govenmEtt’ s respansibility versus that of airlines for the searity of the aviation
system. The new level ard type of terrorism irvolving suicide attacks and use of
airplanes as weapas has foroed oversight authorities worldwide to alter their
apporoach to aviation security . Menber States have appealed for both revisions
and a greater adherence to existing security SARPs. Following the ICRO
Ministerial meeting in Feoruary of 2002, a runber of additianl searrdity measures
were adopted. Perhaps nost importantly, IC2O established the Universal Seaurity
Audit Program, which was launched in 2003. This program consists of trained
ard certified audit teams identifying minor and seriocus areas of improvement
regarding carpliance with the IR0 security amex. Audits are conducted to
determine corpliance ard to notify the deficient contries that they nust udertake
immediate corrective action.

New security requirements approved by a Ministerial meeting in February of
2002 have been arganized into four critical elavents for aviation searity oversidht
by the George Washington University Consortium (2003) . Although these four
elarents are not identified in IO guidance materials, they are clearly integral
companents of any effective security oversight system. Figure 4 shows the four
elarats in detail, an the left are the elamats ad an the right their descriptio.

National Civil Written and implemented
Auviation Security ——.| program with regulations,
Program practices and procedures
National Aviation

Coordinate security activities

Securlt_y between entities

Committee

Airport and Est_ablish and_ implement
Operator Security |_—" written security program
Programs Ensure the effectiveness the
Quality Control /- program - surveys, inspections,
Program and tests

Figure 4. Four Central Elenents of Security (Note. From “Critical Elements
of Seaurity,” by George Washington University Consortium [GW
Consortium], 2003) .

Prior to establishing any kind of program, a comntry nust first designate and
clearly identify an arthority to ke respmsible far aviatio seardty . This ot anly
ensures accontability, ut also alleviates ugproductive competition between
differat agacies struggling for partial ar total catrol of the aviation searity
apoeratus. Once an authority is designated, it has the respansibility to establish
a Netiael Civil Aviation Security Program (NCASP) . The NCASP is awrditten
and inplemented program with corresponding regulations, practices, and
procedures. The NCASP sets all standards for security oversight while taking
into accout the safety, regilarity, ad ef ficiecy of fligits. With the seardty
program in place, the Natiaml Aviation Security Committee is established for
the purpose of coordinating security activities between the departments,

International Journal of Applied Aviation Studies



agencies, ard other organizations of the State; airport ard aircraft operators;
ard other entities coxemed with or respansible for the inplaventarion of varicus
aspects of the NCASP.

The third element requests that airports and gperators must also establish
and inplement a written security program. Member States must require each
alrport servirg intermatrianl civil aviatio ard the qoeratars providing service fram
that cartry, to abide by a security program appraoriate to meet the requirenents
of the NCASP. Seaurrity activities for airports and goeratars include goeratiaal
procedures such as aontingency plans for acts of unlawful interference and the
reporting of amy such acts to ICRO. Security activities also include the
develgoment of avergency plans that act as the bridge between airport security
plans and contingency plans. Finally, a quality oontrol program must be
implemented to ensure ef fectiveness of the NCASP.The quality control program
should be conducted using surveys to identify security needs, inspectians of
the inplementation of seaurity amtrols, and the canducting of tests of security
aaitrols to assess their effectiveness.

Common Compliance Deficiencies

Deficiencies in both safety arnd security have been foud in (A ‘s worldwide.
ICRO and FAA IASA audits ford a praxuced lack of legislation, regulatians,
ard guidance procedires (Kotaite, A., 1998; FAA, 2003) . Both, a lack of adequate
nunber of qualified tedmical persarel ard inadequate certification and licensing
systems are common deficiencies between ICAO and FAA adit firdirgs. If
deficiencies are foud by either ICZO or FAR, it indicates prabolems with the
oversight organization, which could lead to adverse consequences. Table 2
Cescribes six ansequences of which four relate directly to the lack of persarel.

Table 2
Consequences of Common Oversight Deficiencies

Inability to attract, recruit, and retain qualified technical
personnel

Frequent turnover of technical personnel

Job insecurity

Low morale and active searching for other employment
Frequent changes of leadership

Program funding, adequate support staff, computer, record
keeping facilities

Note. From “An Update on the ICRO Universal Safety Oversight Audit Program,” by ICRO,
2004.

Cxsidering the carrent state of oversight (see Table 1), the increasing
workload for ingpectors due to the steady growth of the air transport industry
could further exacerbate an already urgent prablem. Frequent changes of
leadership and lack of program funding, inadequate support staff, and
carputerized record keeping facilities point to what IC20 has determined as
the runber ane deficiency fourd in audits worldwide, the lack of an established
and adequately funded CAA.
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Solutians for improving oversight effectiveness include political commitment
at the highest-level, regianl cogperatiom, trainirng, ad dering resoarces. Training
includes the ICAO TRATNATR program, which has a goal to establish and maintain
high standards of training and canpetency for aviation persamel. In additio,
the FA A provides extensive tedmical assistance including the TRATNATR program.
other comtries worldwide. The key to improving oversight mechanisms in all
eidht critical elarents lies with having political commitment at the highest level
of goverrment. To this end, the George Washington University Consortium
developad a program for executives and leadership in civil aviation of other
contries under a grant from the FRA.

Intermational Sumit an Aviation Safety and Security

The George Washington University Gxmsortium for Aviation Safety and Seardity
was established in 2001 with a three-year grant from the FRA, by the George
W ashington University Aviation Institute in pertnership with George Masn
Uhiversity Ganter for Transportation Policy.The George Washington University
Consortium (GN Consortium) developed and currently administers an executive
level program to address doligations of ICRO Menber States in aviation safety
ard seaurity oversight. The Sumit program officially started in Septener 2001.
Tt is gpsored by the FA A Flight Standards Service, with support fram the FAA
Of fice of Intemeticrl Aviation, alayg with active assistance fram the Of fieeof
Secretary of Transportation, the Department of State, ard the Transportation
Searity Administration (established in February 2002) . IC2O, the U.S. Trade
and Development Agency, the World Bank, and the Intermational Developrent
Bark have also been active participants in the program. The Intermatiarl Sumit
@ Aviatio Safety and Security enphasizes political comitment and identifies
the humen ard financial resources needed for full copliance with the standards
of the Interratiarl Gawvation an Civil Aviabdon. To this end, the Sumit program
pramotes regional cogperation to pool oversight resources among countries.
Ministerial-level discussians are an integral part of the training program in arder
to build consensus concerning the economic benefits of a safe and secure
aviatim system as well as how to seare available fuding ard tedmical resorces.

The choice of the word “Sumit” is to synbolize the intent of this program to
facilitate an gpen exchange of views ard information at the highest levels of
govenment . Using a discussion fomet, the goals of the Sumit program include:

- Raise the level of gldoal aviation safety arnd security through com-
mitment at the policymeking level

- Strengthen the advocacy by Ministers and Director Generals for
aviation safety and seaurity

- Identify the humen and financial resources needed to meet ICRO
doligatians for aviation safety ard searity

- Exchange views an develooment of regional cooperation plans, and
maintaining conformance with ICAO0 doligations

The Sumits are not intended to provide in-depth tecdmnical knowledge; they
are designed to offer the GV Consortium as a resource, provide an goportunity
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to exchange views, and to focus an the oversight roles under IC2O doligatims.
Recognizing the fact that mery countries have limited rescurces, the Sumit
program identifies the humen and financial resources needed to meet ICRO
doligatias far aviatim safety and searity oversigit. To overcare the challenge,
the Sumit program promotes regional cooperation among countries to pool
huven and financial oversight resources. The main elements of the Sumit
program include ecanamic benefits of a safe and secure aviation systam, critical
elements of safety arnd security, and available funding ard tedmical resources.
The program has been designed to provide a forum for high-level discussions
ard review of the IO Cawvention ard dolicatians. The first day and a half of the
Sumiit program is deliberately designed for ministerial level disoussian, providing
an goportunity for these leaders to ghare their views with all perticipants ard to
discuss the essential elanents of civil aviatiom safety and searity from a policy
perspective.

The Sumit program includes both international and regional sumits. The
Intemational Sumits are held in Washington DC in order to ensure as much
dialogue as possible with top U.S. govenment officials, including meetings of
delegations with agoropriate level U.S. officials. Regianal Sumits are held in
gpecific regians of the world, with participents caning to ae host country in the
region. The regianrl basis allows for a greater runber of participents from civil
aviation authorities across the region. In addition, other training and cutreach
programs have been held with a focus on inspector training, develcprent of
laws and regulations and menaging a CAA. At the ed of the third year, 14
Intermatianal Sumits, 3 Regiaal Sunmits and 3 training and cutreach programs
had been held. Figure 5A shows the runber of comtries that have attended the
Intermational and Regicnal Summits organized by the seven ICAO Regional
Offices. One can see that the Sumit program has covered most parts of the
world fram a regiamal perspective.

‘ B Ssumm itAtendees B TTAO Reginall ffice M em ber States ‘

W estem and CentralA frica

Totalnum berofcountries thatattended Summ its = 100

South Am erica TAO MemberStates = 190

North Am erica, Central
Am erican and Caribbean

Middlk East

European and North Athnti

Eastem and Southem A frica

Asia and Pacific

0 10 20 30 40 50 60

Num berofcountries

Figure 5A . Countries attending the Sumit Program (Nofe. From “Compilation
of Mirutes arnd Participant Evaluations,” by GF Consortium, 2004. Total rurber
of contries that attended Sumits does not include repeat attendees) .
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The participents to the Sumit program include representatives from a pool
of Category I ard Category 1T comtries as well as comtries that do not meintain
flight operatians into the United States. Figure 5B shows that 118 countries
have attended the Tntermariaal and Regiael Sumits, including several cortries,
which attended the program twice.

Summ il

Summ i2

Summ i3 | Totalnum berofcountries = 118
Summ 4

FY2 4
Summ it5

R1/Cost@aR ia

Summ it6

Summ 7

Summ it8

Summ i9

Summ 10

Summ i1l

JSumm i1z
R 2/Jordan
Summ 13

FY

R3Hawail

Summ i1l4

T T T T T T |
0 2 4 6 8 10 12 14
Num berofCountries

Figure 5B. Number of Countries attending the Summit Program (Note. From
“Campilation of Mimutes and Participant Evaluations,” by GN Consortium, 2004.
FY =Fisml Year, Rl = Regional Summit 1, etc; excludes United States and
organizaticnal representatives, total mmber of countries include repeat
attendees) .

Firelly, the Sumit program data shows that the participating comntries were
sericus about addressing the critical aviation issues. Figure 5C shows that nearly
44 Ministerial Attendees (which includes Ministers, as well as Deputy and
Assistant Ministers), 70 Director Generals attended the Summits.

Summ itl
Summ it2 ‘ HE M nisterialAttendees EDG ‘

Summ it3

Summ 4

FY2
Summ iS5
R1Lost@R ica
Summ it6
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Summ it8
Summ 9

Summ 10

Summ i1l

Summ 12
FY3

R2/Jordan
Summ 13

R3MHawail

Summ i£14

o 1 2 3 4 5 6 7 8 9
Num berofM misterial Attendees & DG s

Figure 5C. Nunber of Ministerial Attendees and Director Generals per Summit
(Note. From “Compilation of Minmutes and Participant Evaluations,” by GW
Consortium, 2004. FY =Fisml Year, Rl = Regional Summit 1, etc.).
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Selected Summary of Issues and Challenges Facing Oversight Authorities

Acoording to virtually all the regpadents (81/84) of a post-sumit survey,
the Sumit provided delegates with knowledge that they could use to assist
them in their inprovarent of aviation safety and seaurity oversight activities
(GA Consortium, 2004). Figure 6 shows twelve areas of knowledge that the
delecptes indicated were beneficial .

0 ther, pase specify

H irig Q ualified TechnicalPexsonnel

Specific O perathg R eguhtbns

Resolitbn ofSafety Bsues

Conthued Surveilance

Licenshg and Certificaton

TechnicalGuilance

Stuctue of C vilAviton Authorties

Prin ary Aviatbn Legshtbn

SiyniftantChanges 1 TAO Securiy Requien ents

CriralEEm ents ofNatbnalAvitbn Securty O versiht

Purpose and htentofthe T'AO UniersalSecurly AudiPmgzm

00 100 200 300 400 500 600 700 80O
PercentofResponses

Figure 6. Areas of Knowledge considered Beneficial to the Delegates (Nofe.
Fram “Report an the Past Delegates Questiamaires for the Intermatianal Sumit
a Aviation Safety and Security,” by GN Consortium, 2004) .

Aoocording to the discussion mirutes and feedoack in the form of evaluatians
from participants, there are key issues that can be arganized into five categories
described in Figure 7. Not considering the “Other Category,” which is mede up
of several sirgle issues, training of A persarel is the primery aacem, followed
by fuxding and tedmical guidance. A less wrgent issue irvolves establishing
regiomal organizations to share rescurces and/or to improve IASA standings in
arder to increase flight goeratians into the United States.

Other* Funding
25% 20%

Technical
Guidance
.. 18%
Training Regional and
27% International
Cooperation
10%

Figure 7. ey Issues for Aviation Oversicht as identified by Of ficials (Note.
From “Conpilation of Mirutes and Participant Evaluations,” by GN Consortium,
2003. Other* = challenges noted by officials) .
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The “Other Category” includes ten rearrring dallenges to oversight that have
been identified by oversight officials from the sumit prooceedings. Several of
these challenges are identical to the audit comm deficiencies, while the two
dallenges of aging aircraft and too marny aviation safety audits are unique.
Greater regiarl and intermational cooperation may help to immediately resolve
the resource challenges ard share effective methods to address the retention of
trained persarel, the resolutians of safety issues, as well as aging aircraft.

Need for Political Commitment and Regional Cooperation

Cooperation among countries may take mery forms given the distinctiveness
of matiaal interests and culture. For instance, coantries mey cooperate to form
regiaal organizations concermed with sharing safety informetion and expertise.
Alterratively, comntries may form alliances to leverage aoplarenting air carrier
rates. Ten regianl crganizations created through an IC20 initiative to pravote
regiael cogperation are of particular interest to the authors. The Cooperative
Operational Safety and Contimuocus Airworthiness Activities Program (COSCAP)
orgenizations are shown in Table 3. Each cne is described by several
characteristics; including, the naeme of the participating contries, the runer
of daors fuding the project, the duration in years ard the cost in millions of
dollars far administering the project.

Table 3
COSCAP Regional Organizations and Their Characteristics
Project Participating States [Donors Duration |Cost
Armenia, Belarus, Georgia, Kazakhstan, Kyrgyzstan,[Boeing, GE, 2002-06 ($3M
Former CIS .. I . .
S Azerbaijan, Tajikistan [Airbus, Ilyushin,
tates
TAC
['West Africa Benin, Burkina Faso, Cote d’Ivoire, Guinee Bissau,[TBD 2003-05 |[*
(UEMOA) Mali, Niger, Senegal, Togo, Mauritania
. Central  African Republic, Cameroon, Congo,[TBD 2003-05 |*
South Affica g atorial Gui Gabon, Chad, Sao T &
(CEMAC) quatoria uinea, abon, ad, Sao Tome
Principe
'West Africa Cape Verde, Gambia, Ghana, Guinea, Liberia, Nigeria,[TBD 2003-05 |[*
(Banjul Accord) |Sierra Leone
East Africa Kenya, Tanzania, Uganda TBD * *
(EAC)
. . Argentina, Bolivia, Brasil, Chile, Cuba, Ecuador,|Airbus, Embraer,[2001-06 [$2.6M]
Latin America < .
[Panama, Paraguay, Uruguay, Peri [Canada
Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan,[FAA, Canada, 1998-07 [$5M
South Asia Sri Lanka [Norway, EC,
[Boeing, Airbus
. |Brunei, Cambodia, Hong Kong, Macau, Indonesia,|FAA, EC, 2002-06 [$1.5M]
South East Asia Laos, Malaysia, Myanmar, Philippines, Singapore,[Boeing, Airbus
Thailand, Viet Nam, South Korea
North Asia China, Japan, North Korea, South Korea, Mongolia * 2003-07 |$2M
. L. Australia, Cook Islands, Fiji, Kiribati, MarshalllTBD * *
Pacific Aviation . . .
" Islands, Micronesia, Nauru, New Zealand, Niue, Palau,|
Safety Office .
(PASO) [Papua, New Guinea, Samoa, Solomon Islands, Tonga,|

Tuvalu, Vanuatu
Note. From “ICAO COSCAP Initiatives,” by IO, 2004. TBD=To Be Determined, * = no data. CIS
= Commonwealth of Independent States, UEMOA = West African Economic and Monetary
Union, CEMAC = Economic and Monetary Community of Central Africa, EAC = East Africen
Community.

Comparing the ten COSCAP organizations to the regional designations used
in preceding figares ard tables, tlree of the African COSCAPs are represented
by ane region, the Easterm and Socuthern African Regian. The Asia ard Pacific
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Region represent the Pacific arnd three Asian orgenizations. This comparison
shows that even these organizations have formed smaller groups within their
respective regians. Orcpnizatianl structures such as these allude to cogperation
amog countries that takes many forms given the distinctiveness of naticnal
interests ard culture. Examining URBMA, the fivst West African COSCAP, rewesls
that all nine countries are francoghone. In amtrast, the marbers of the Banjul
Accord, the other West African orggnization, amsist of both English and French

Reglaml orgenizatians should have as their ultinmete dojective enabling full
conpliance by all of their Member States with the standards of the Cowention.
In practice, partnerships should encourage comtries to assist neighbors (not
necessarily a geographic relationship) with preparations for regular safety and
seaurity audits. Other regiawl oversight organizations have been formed autside
the COSCAP argenizatians, including the Cantral American Revanautical Safety
Agency (ACSA). The ACSA was formed in 2000 aut of the Central American Ar
Navigation Services, an intermational govenment corporation providing air
navigation services (GN Consortium, 2004) . ACSA was charged with providing
safety oversight services to its marber states, which are Belize, Costa Rica, El
Salvador, Guatamla, Hoduras, and Nicaragua. Its priorities include: carpliance
with the I20O standards; ensuring wniform levels of safety among menber states
(based an the Eidht Critical Elements), establishing standardized safety oversight
systems ard processes for the regian; eliminating duplication; and establishing
a oost effective system of safety oversight. The member states benefit fram
ecaxries of smle such as sharing the aost of highly qualified tedmical persamel
ard developing comercial activity in the region.

‘ O cat. 10 Cat. TH Cat. T+ B Notassessed by ]ASA‘

Pacifc Aviaton Safety O fice PASO)

NorthAsia

South EastAsa

SouthAsi

 ——

e ——

—————————————

—
.
——
EastAfrica EAC)

W estAfrira BanjilAccom)

South Afiica CEMAC)

W estAfrica UEMOA)

FomerCE States

[
—
0

2 4 6

®

10 12

Num berofCountries

Figure 8. COSCAP Organizations Described by IASA Categories (FAA, 2003)
(Note. From “Overview of the Federal Aviation Administration Flicht Standards
Service ITntematiaal Aviation Safety Assessment (IASA) Program,” by FRA,
2003. Gat. 1 = Category I, etc.)
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One method of determining the success of regional oversight organizations
is thraugh the examiration of their audit results. Figure 8 shows the results of
FAA TASA program assessments within specific geographic regions or regical
orcenizatians.

Figure 8 demmstrates that a rumber of countries have not been assessed
by the IASA program. Thus, the authors are unable to determine the conpliance
status of such comntries. Noaetheless, the data in Figure 8 provide useful
infometio for identifying geographic areas that nmost woently require additiamal
resources or intermatianal attention.

Political, Safety, Security Elements, and Resources for a Model CAA

From the Summit program discussions and proceedings, the authors have
developed a diagram for a model CRA that also identifies the key issues and
delleges as rnoted by civil aviarion officials (Figre 9) . In addition to the safety
and security elements, the GN Consortium argues that political elements, an
adequate budget, tedmical, training, and humen resources are just as important
for building an effective C2A.

PoliticalCom m im ent
from NatibnalGovemm ent
Autonom ous Lega.
Authoriy

Political Elements
Security } ¢ { Safety
Elements e Elements
4

~
Resou rces
Budget; Revenue
G eneratbn
Reginal
Cooperation

Figure 9. Political, Resomrce, Safety, and Security Elements Desired for a
Model CAA

A mdel CAA is built on strong political comitment from the national
govermment because this is essential to ensure an autonomous status and
adequate resources. A dynamic, legislative process can establish and ensure
that a A performs oversight finctions while minimizing complicated and
intractable political ddoate. The (A shauld ke an autaxamous, legal entity free
to amplete its regulatory mission with a divectar thet is free franpolitical pressuare.
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The level of autonomy can vary, hut the authority should be independent in
practice. Ideal dmracteristics of this indspendence include; the legpl authority
to peralize, a separare budget, priarity access to the Minister regpansible for air
transport, aotrol of taxes ard fees, as well as, direct use of all revaerwes in
order to pay persamel conpetitive wages.

Adequate technical resources form an integral part of a model CRA because
the authority must have the necessary tedmological advantages in order to
ensure ef fective ard ef ficient oversight of the aoplex aviation industry . Given
the advanoarents of tedrology and their effect an regulations ard due to natural
tumover rates of qualified persarel, a A should have the capability to provide
adequate training. Humen resources includes a large enouch pool of qualified
technical persomnel in fields such as general management, database
menagement, legislation, security, airworthiness, operations, accident
investigatians, air traffic menegament, ard airport goeratians.

For those countries that have the political comitment, but lack the adequate
resources, the authors maintain that regicwl cogperation will help a (A to
attain the necessary resources. Regardless of form, successful cooperation
can be cdharacterized by political support from all member states, adequate
financial, tecdmical and humen resources, adequate authority in the law,
application of the critical elerents, ard a regulatory system that accounts for
the harmmization of natiaal variations.

Conclusions

The Cawention an Intermratianal Civil Aviation and its amexes have been
signed by 188 countries in the world. The collection of Standards and
Recamended Practices of ICRO has been developed over the past 60 years in
a consensus process by the Member States whose aviation systems,
governmmental structures, laws, arnd oversight capabilities vary greatly. The
coplexity of the intercomected network of glabal aviation mekes corpliance
with the SARPs by all Marber States essential for the safety of the air transport
system. A critical factor for successful copliance by Marber States is the
political comitment by the leadership of each comtry to civil aviation safety
ard security. The Intermational Sumits on the Aviation Safety and Security
program has demonstrated that engaging Ministers and Director Generals is
essential ard effective in securing and sustaining such political commitment.
Furthermore, the critical elements of safety and security oversight described
herein have been shown to e applicable through cut the world. Data presented
in this paper show that while it is possible to develop and propose a model CAA
structure, the key factors for sustaining en effective (A for oversidht are:

® Adequate budget and resources;

e Mppropriate and rdoust laws and regulations to provide the neces-
sary authority and enforcement mechanisms;

¢ Training programs; and

e Retention of qualified tedmical persamel.

Importance of International Oversight in Aviation

151



152

References

Catral Intelligence Agency. (2003). The World Fact book 2003 . Retrieved No-
verber 21, 2003, fram http://www .cla.gov/cia/pdolicatians/factioodk/ .

Federal Aviatim Administration. (2003). Overview of the Federal Aviation Ad-
ministration Flight Standards Service International Aviation Safety Assess-
ment (IASA) Program . Retrieved Octdoer 18, 2003 fram http://www .faa.gov/
avr/iasa/iasabrls.hm

Tnterratiael Civil Aviation Orgenization. (2003) . 2003 Air Traffic Remains Flat
Improvements Expected in 2004. Retrieved Decenber 18, 2003, http://
ww w.icso.int/icao/en/nr/2003/pic200319. htm

Tterratiael Civil Aviation Orgenizatian. (2004) . An Update on the of the ICAO
Universal Safety Oversight Audit Programme. Proceedings of the Seminar
on Administration of the Technical Co-operation Projects of ICAQO . Sirggpore.

Trteretiasl Civil Aviation Orgpnization. (1944) . Convention on International Civil
Aviation (Chicago Convention) . Mmtreal, Canada.

Trterretiael Civil Aviation Orgenizatian. (2004)) . ICAO COSCAR Initiatives .
Retrieved Jarwary 21, 2004 http://www .icao.int/icac/en/tdo/TB-Singgpore-
2004 /Attachements/Presentations/HIMLICAO’ s%320COSCAP%20initiative
s files/frame.htmi#s1ide0372.htm

Trntematice] Civil Aviation Orgnization. (1999) . Safety Oversight Manual — Part
A — The Establishment and Management of a State’s Safety Oversight Sys-
tem. Montreal, Canada.

Kxaite, A. (1998). Universal audit programme conducted under auspices of
ICAO would offer many benefits . 120 Jourmal, 53 (4) 5-6, 24-25.

Natianal Transportation Safety Board. (1990) . Safety Recommendation. . Wash-
irgtan, D.C., United States.

Netiamal Transportation Safety Board. (1993) . Scheduled 14 CFR Part 129: For-
eign operation of AVIANCA (D.B.A. operation of AVIANCA). Washington,
D.C., United States.

The George Washington University Consortium. (2004). Approaches to Suc-
cessful ICAO Compliance — Regional Cooperation. Washington, D.C., United
States.

The George Washington University Consortium. (2003). Critical Elements of
Security Oversight. W ashington, D.C., United States.

The George Washington University Consortium. (2003). Economic Benefit of
Tourism and Safe and Secure Civil Aviation. W ashingtan, D.C., United States.

The George Washington University Consortium. (2003) . Overview of the Critical
Elements of Security . Washington, D.C., United States.

The George Washington University Consortium. (2004) . Compilation of Minutes
ard Participent Evaluatians. Proceeding from International and Regional
Summits on Aviation Safety and Security . Washington, D.C., United States.

The George Washington Consortium. (2004). Report on the Past Delegates
Questionnaires for the International Summit on Aviation Safety and Secu-
rity . Washington, D.C., United States .

International Journal of Applied Aviation Studies



Intematianl Jomel of Applied Aviation Studies, 4, Number 2
Copyright © 2004, FAAAcademy, Oklahoma City, OK

The Benefits of Implicit Learning
When Training Ab-Initio Pilots

Deniel J. A. Rhind and Tony Head

Cranfield University
Bedfordshire, MK43 OAL
United Kingdom
Telephone: 01234 750111, Extension 4015
t.head@cranfield.ac.uk

Abstract

Twenty ab-initio pilots received either a traditional (explicit) training
program or one that emphasized leaming by experience (implicit).
Trainees then completed six simulated approaches and landings
(three of which involved a secondary task) in a flight simulator. The
results showed that the participants in the implicit learning group
performed as well or better than the explicitly trained participants
did on seven of the eight performance variables. The implicit leam-
ers perceived the performance of the task as being associated with
significantly lower level of cognitive load. They also performed sig-
nificantly better on the secondary, performance duration estimate
task. Recommendations are made regarding the potential ben-
efits of implicit training programs, particularly those within safety
critical environments.
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Introductian

Pilots recognise that the landing phase of a flight is the leading cause of nn-
fatal ainraft accidats (Balforr, 1988; Negel, 1988). Pilots ard certified flight
instructors ((FIs) also acknowledoe that it is very difficult to explain how they
perform certain agpects of their goeration ard the landing process. For exanple,
pilcts fird it difficult to identify the cies ad infametion which they axnsult wen
determining height Above Ground Level (AGL) as they approach the runway
(Benbassat & Abramson, 2002a; Hasbrook, 1979). Due to the fact that it is
diffiailt to artiailate such <kills, pilcots are required to leam tham through
‘experience’ (Bensan, 1999; Tham, 1992) . Furthermore, Benbassat and Abramson
(2002b) also reported research which advocated a more experiential approach
to the training of the skdlls irvolved in landing an aircraft.

Traditioal approaches to pilot training usually are based upon firdamental
theordes of notor skill acquisition. These theories suggest that motor skills are
initially acquived explicitly via cognitive processing which is verkally based. Thrach
the leaming process, the skill becares autareted (implicit) as the verbal niles
associated with its performence are “forgotten” and task-related information is
processed subconsciously (Anderson, 1983; Fitts & Posner, 1967) . Withinthis
process the leamer is said to adoot a hypothesis-testing agorcach in that varicus
tedmiques are used with successful attempts being remembered for future
perfomence. This selective or S-mode learming style is theorised to lead to a
smell knowledoe base which is easily verbalised (Berry & Broadoent, 1988) .

More recent research has questioned the assumption that the learming of a
motor skill must proceed from explicit to inplicit, which underlies the more
traditicel thearies of lesming. Inplicit leaming irvolves the acquisition of a gkd11
without a corresponding increase in the verbal knowledge associated with the
gkill (Mexwell, Masters, Kerr, & Weedon, 2001). The performer passively
aggregates all task-related information and action-cutcore contingencies which
leads to a relatively large knowledge kase that is not easily verlalised. This
process is defined by Berry and Broadoent (1988) as Unselective or U-mode
leamirg.

Cleeremans, Destrebecgz, & Boyer (1988) conducted a meta-analysis of
studies which suggested that pecple can indeed acquire information regarding
the uderlying structures of situations incidentally. Sinply through experience,
an individial can inplicitly acquire infametion aoout a given skill. They then are
able to perform that skill without necessarily being able to explain how they
perfamed it. A good analagy of this would be the ability to ride a bicycle. Baple
can leam how to ride a bicycle without being directly instructed ard even without
doserving other peple perfam the gkdll. Tt may be suggested that inplicit leaming
would e nost effective for the acquisition of other motor skills. In terms of
Multiple Resource Theory (Wickens, 1984), the information received regarding
the task would be in the spatial code. As a motar task is likely to ke primerily
gpatial, this means that the acquired information will not need to be caowerted
as it is already in the agoropriate modality . The stimuli can be directly mapped
atto the agorapriate behaviour without the need for any cawversions or conscious
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selectians to be mede (Sdreider & Shiffrin, 1977). Thet is, the motor skill is
learmed through a process of doservation and experience without complex verbal
explaration. In axtrast, if much of the informatrion is presented in the verkal
aode then the trainee will need to cawert it into gpatial informetion before they
can perform the motor task. This need for cawersion may subsequently inhibit
the leaming process and may even distort the skill being learmed.

More recently, research which irvesticated the use of a more inplicit agorcach
in the learmning of a motor skill has been codiucted. Maxwell et al (2001) coducted
a study in which participants acquired a carplex motor skill — golf putting. Half
of the participants corpleted a secondary, random letter generation task
(Baddeley, 1966), whilst putting, which was designed to prevent explicit leaming.
The other half of the participants formed the control group which performed a
series of puts without a secodary task. It was assured that this approach
would facilitate a hypothesis-testing apporoach ard lead to the acquisition of the
verkal rules associated with the task. Both groups were foud to have significantly
Inproved over tine, with the ‘explicit leamers’ damastrating a significantly larcer
anmount of verbal knowledge regarding the skill. The performence of the ‘inplicit
learmers’ was also foud to ke more rdoust against the potentially debilitating
effects of psydological pressure relative to the ‘explicit leamers’ Mexwell et al
(2001) concluded fram this that inplicit leaming can indeed precede explicit
leaming. Similar results were suggested in an earlier study (Hardy, Millen &
Janes, 1996) .

Inplicit and explicit leaming can therefore be conceptualised as two distinct
processing systems rather than being along a contimum. The inportance of
this distinction goes far beyad the notion thet inplicit leaming can be just as
effective as explicit leaming. The significance of this new cocspt lies in the
benefits which are associated with skills which have been inplicitly leamed.
Firgly, in axtrest to eplicitly leamed skills, inplicit lesming lesds to skdlls
whose performence does not require abstract working memory (Broadoent, 1984) .
This ensures that the skills can be completed without placing a demend upon
the individual’s memory processes and consequently the performance of the
task may be perceived as being associated with a lower level of workload. Based
Upm a similar notian, inplicitly lesrmed skills are also more rdoust against the
potantially dailitating ef fect of psydhological pressure (Reber, 1989, 1993; Berry
& Dienes, 1993) . This can be explained via a concept known as the ‘Response
Selection Bottleneck’ (RSB, as presented by Pashler, 19%4).

The RSB theory suggested that when a person is performing a task, they
first encode the task stimilus fram the ewirament in which it is to be performed.
Fram this information, a respose is selected ard finally the response actio is
exeauted. For exanple, a pilct may perceive that the aircraft is too low during its
approach to the rumay (encode task stimili), choose to initiate a clinb (select
regpanse) ard then pull back gently on the oontrol stick (response execution) .
In the case of a student pilct, this sequence of events will ke processed explicitly
as they have to ‘thirk’ about their actions. For an experienced pilot, however,
this process will have becore automated arnd hence will be processed inplicitly.

The Benefits of Implicit Learning

155



156

Errors in performance have the potential to ocour in dual task conditions. The
RSB principle theorises that the encoding, response selection and respanse
execution sequence can be processed for ane action at a time. Therefore, when
two actions are required similtanecusly, an error/delay can ocaxr if ae attenpts
to perform them both explicitly . Thus the kerefits of inplicitly leamed skills are
thet they are more rdoust aggpinst the debilitating effects of psydological pressure
ard they should be less stressful for the trainee to perform uder dual-task
aaditias, e.g. whilst they are leaming differant ar advanced larding tedmiques.
These advantages becore evermore important within a safety critical
envirament .

Sare theorists have advocated a greater emphasis an experiential learning.
For exanple, Knowles (1975) presented the Andragogy Theory which suggested
that adults work best with self-divected, prdolan-solvirng leaming. Furthermore,
Rogers (1969) proposed the view that humens have a natural propensity to leam
ard that the teacher’s role should focus an facilitating the learming process. Tn
arder to assess the possibility of adopting a more inplicit agorcach to the training
of ab-initio pilcts, the arrat stdy was caducted. A aotrol group received the
typical (explicit) training rief which wauld e given whenever an ab-initio pilct
was being instructed regarding the aporoach and landing stage of a flight. An
experimental group was given a training programe which relied far more upon
experiene and was based uom facilitation (inplicit leaming) rather than
demnstration and detailed instructians.

Hypotheses

The hypotheses to be tested were:

1. Tre inplicit lesmers will perfamas well as the explicit learmers uder test

2. Tre inplicit leamers will perfam significantly better then the explicit learmers
a1 a secaary task whilst under test caditians.

3. The inplicit leamers will report a significantly lower level of perceived
warkloed after aorpleting the task relative to the explicit leamers.

Method

Participants

Twenty perticipants tock part in the experiment voluntarily. None had any
prior flight training experience, ensurirng that they did not already have the
appropriate psychamotor sets in place. This allowed the efficacy of the two
training approaches in developing the skills to ke evaluated. Participents were
rardanly assiged to either the explicit ar inplicit training cadition. This resulted
in there being 10 participants in each of the two training coditians.
Flight Simulator

Bs a result of the safety critical mature of the task to ke perfaomed, it was not
possible to train the participants within en actuel aircraft and hence the Rerosoft
Flight Similator at Cranfield ollege of Aercnautics was used. The Aerosoft
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Flight Similator is a part-task trainer which uses standard PC tedlmology for
the three conputers that nun the Flight Model, Visual System and Instructor
Statim. The flight instrurents are displayed electranically an a mnitor in front
of the user.The visual systam uses a collumeted display (set at infinity) to aid
depth perception. The similator is fully enclosed to minimise the influence of

The similator mede it possible for the instructor to determine the parameters
of the task in arder to cotrol for variables which could potentially have a
anfounding effect (e.g. the weather canditians ard the aircraft’s perfomence) .
The similator was aanfigured to perform like and display the codkpit instruments
of a PA28 aircraft which is typical of the kind of aircraft which is used when
training do-initiopilas. A ‘syit! progranme was written as part of the research
such that the desired flight parameters could ke set ard the necessary flight
data related to the dependent variables could be recorded. The features of the
approach and landing programme were modelled on those of Cranfield Advport
(BGIC) . The flight commenced five nautical miles from the rumay at an altitude
of 2000 feet ard an airspesd of 80 kots. The airaraft’ sAltHitioe, Alrspeed, Heading
ard Glideslope error (deviation from optimal glideslope) were recorded at ane
secad intervals throughout each flight.

Workload Measure

The NASATask Load Index (NASA-TIX) developed by Hart and Staveland
(1988) was used to provide a subjective measure of the workload associated
with the perfommence of the flying task. The Prospective Duration Estimate
tecmique (PDE) was used to provide an dojective measure of the participants’
task load and hence an indication as to their spare capacity whilst performing
the task. The implementation of the PDE technique was based upon that used
by Zakay and Shub (1998) . The participants were instructed that when they
heard the instructor say ‘Go’ they should mentally count for 14 secods ard
then activate a switch when they felt that the time had passed. Once the switch
was activated the actual time which had elapsed was recorded. The temporal
distance between the duration time and 14 seconds was then calculated
(@eviatian) . The megnitide of this deviation is negatively correlated with the armount
of non-temporal information being processed during the time estimation (Zakay,
1993) .

Experimental Task

The flight comenced five nautical miles from the rumay threshold and at a
height of 2000 fest AGL. Participants were required to maintain an optimm
speed of 80 krots throughout the flight ard to fly the aircraft divectly towerds the
rumay an a bearing of 220 degrees. The participants’ mission was to fly the
alraraft at an Altitude of 2000 feet far the fivst rautical mile of the flidght, at which
point the aircraft intercepted the Glideslooe of the instrurent landing system.
For the ramminder of the flidt, the participants were required to fly the aircraft as
close to the optimum Glideslope as possible whilst still flying an a bearing of
220 degrees at a speed of 80 knots.
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Experimental Design

In indeperdent group’s desion wes used with explicit or implicit training
apprcach as the independent variable. As the participants were required to perform
six similated aporoaches ard landings during which data was collected, a within-
groups factor was formed.

Procedure

Volunteers with rno prior flight experience were trained to land a PA28 in an
Pevosoft Flight Similator .All participents received a ten-mirute standardised
kasic oontrol ard instrurent guide which was based upon the information within
Thaom (1997) . Thus all of the participants were told about the operation ard
function of the control colum ard the throttle. Furthemore, they were informed
as to the locatio of the Heading Tndicator ,Alr Speed Indicator, Artificial Haddzm,
Altimeter ard the Glideslope Indicator . They all were instructed regardirg the
function of each display ard how it should be read ard interpreted. Tt was intended
that this information would be equivalent to that which would be given to ary
trairee pilct befare a first flyirng lessm.  Participants then were randamly assigned
to either the catrol (explicit) or experimental (implicit) leaming coditim.
Participants within the cotrol group received detailed instructians of the
relationships between the primery flight aotrols ard indicators. They were trained
a the performence of the Basic ‘T and Selective Radial instrument scans and
instructed to use each of these tedmiques throughout the similated flight. For
exanple, in tems of the performence of the Basic T scan, explicitly trained
participents were informed that they should first foous an the Artificial Bodzm.
Trhey then were told that they should dheck the display to the left befare retimming
back to check the Artificial Hxdizm. Then they were instructed to check the
indicator above the Artificial Horizon befare retuming to it ard then they dhauld
finally dheck the indicator to the right. They were instructed to perform this
Basic T scan whilst aarpleting the task. ITn aotrast, those within the experimental
training condition were merely told to aarplete the task and were allowed to
lesm experiattially without the instructio to follow strict procediral guidelines.

Al] participants then aarpleted three practice aporoaches ard landings during
which no data was aollected. For the first of these flights, the claud base was
set at 2500 feet, meaning that the rumay wes visible throughout the flight. For
the secad practice flight, the cloud base was lowered to 1000 feet. This was to
encourage the participants to begin using the Instrument Ianding System within
the cockpit. For the fimal practice flight, the clod kase again was lowered to
500 feet, which meant that the rumay wes not visible for the mejority of the
flight. The clad bese was maintained at this altitude throughout all of the test
flights. This ensured thet the participents hed to fly the similator using the
instrurents parel rather then relying upm visual information.

Once the practice stage had been carpleted, the details of the mission
were reiterated ard the participants were informed that data was going to be
oollected from that point amerds. Participants completed three approaches
ard lardings. Details of the mission were reiterated agpin to all perticipents
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before a final three approaches and landings were made. During each of these
final trials, the PIE task also was cocurrently performed at a random point in
time. Once their trials had ended, the participents corpleted the NASA-TIX
Task Load Index.

Measures

The data recorded amsisted of the aircraft’ s Altitice, Airspeed, Heading,
ard Glideslope error.The similator stored data at ae secad intervals for each
of the depardant variables far each participent. The variables aonceming Altifide,
Adrspeed and Heading were then aarputed in order to calaulate the participants’
deviatians from the optimm values requived by the task. In other words, the
average amount by which the participants’ performences differed fram those
stipulated by the task was calaulated. The stardard deviatians of these differences
also were determined. This process created four new performence variables:
Altitide Errar , Alrspeed Error, Heading Error and Glideslope Error.

Results

Treatment of Data

Each of the four perfommence variables, for each participent, for each trial
were sumerised to give two measures of error: the within-trial arithmetic mean
errar ard the within-trial standerd deviation of ervor . The performances of the
participants relative to the four mission dojectives (Altitude, Speed, Heading ard
Glideslope) are displayed in Tebles 1-4. The use of the arithmetic mean may be
criticised because of mirus signs, negptive errors may cancel aut positive errvors.
However, when the arithmetic mean error is conbined with the standard deviation
of erar, it does have sare advantages. The arithmetic mesn exrvor will give an
indication as to whether or not there is a amsistent error tendency whereas the
standard deviation of error will show the variability within performence. Both of
these measures of errors will have normelly shaped distributions, which mean
thet they are gogoraoriate far the goplication of peranetric statistics. This statistical
prooedure has been inplamented and justified within previous research irvolving
flight similation (Rees & Harris, 1995).

Altitude

No significant differences in the deviatians from the gotimm agoroach altitude
of 2000 feet were fourd between the two training caditians, F(1) = 0.01, p >
.05) . However, there was a hidhly significant dif ference in the vardability of
perfomence an this criterion, F(1) = 17.27, p < .01) . The participants within the
Inplicit training cadition displayed axnsiderably less within-trial verddbility in
performance (M = 116.24, SD = 68.45) relative to those participants who were
trained in the explicit codition (M = 177.80, SD = %4.67) . Further analysis of
the mean deviatians fourd ro significant effect over trials, F(5) =2.15, p > .05,
ror wes there a significant Trial x Training Gxdition interaction, F(5) = 0.10, p >
.0b. A sigiificat trial ef fect was foud; however, in the variability of perfamence,
F(5) =2.34, p < 05. Althouch the variability in perfomence of the inplicit leamers
did reduce mare quidkly over trials, relative to the explicit leamers, o Trial x
Training Codition interaction was fourd, F(5) - 0.53, p > .05.
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Table 1

Mean Within-Trial Deviations and Mean Variability from the Optimum

Approach Altitude
Deviations from the Optimum Altitude (feet)
Mean Error SD of Error
Trial Explicit Implicit Explicit Implicit
Number Mean SD Mean SD Mean SD Mean SD

-271.63 (490.30)

-323.35 (544.93)

195.68 (61.02)

153.66 (89.48)

2 -345.46 (304.95) | -306.19 (289.41) | 230.90 (145.58) 127.14 (82.92)

3 -145.77 (350.06) | -171.35 (218.41) | 195.65 (122.79) | 118.75 (66.30)

4 -69.40 (262.10) | -125.47 (210.14) 169.38 (69.18) 100.67 (34.80)

5 -129.22 (218.03) | -105.52 (255.67) | 147.37 (44.73) 105.17 (58.78)

6 -114.23 (275.91) | -73.64 (110.56) 127.83 (65.20) 92.02 (63.43)
Speed

A significant difference was foud in mean deviatians from the gotimm speed,
F(1) =5.00, p < .05). Participarts within the explicit training codition flew the
aircraft with a ansistently lower level of error from the gotimm speed of 80
knots M = 10.47, SD = 13.34) relative to those in the implicit codition M =
17.24, SD = 18.71) . No significant differences were foud in the variability of
perfomence, F(1) = 0.48, SD=p > .05) . No significant Trial x Training Cadition
interaction was found in the mean deviations from the optimum speed, F(5) =
0.70, p > .05, ror in the vardability of perfomence, F(5) = 1.64, p > .05.

Table 2
Mean Within-Trial Deviations and Mean Variability from the Optimum Speed
Deviations from the Optimum Speed (Knots)
Mean Error SD of Error
Trial Number Explicit Implicit Explicit Implicit
Mean SD Mean SD Mean SD Mean SD

1 10.74 (11.51) | 22.55(13.47) 24.46 (5.16) 23.84 (5.44)
2 14.46 (10.37) | 20.14 (15.82) | 24.31 (4.08) 22.60 (6.58)
3 10.71 (22.01) 16.22 (15.62) 24.10 (6.50) 24.46 (5.47)
4 8.86 (14.67) 8.32 (32.15) 21.74 (6.05) 2231 (4.13)
5 8.83 (7.58) 18.91 (14.30) | 21.59(5.89) 20.15 (3.61)
6 9.23 (12.01) 17.32 (15.69) 21.46 (4.32) 20.14 (7.55)
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Heading

No significant differences in the deviations from the optimm heading were
fourd between the performences of the two training conditions, F(1) = 3.17, p >
.05. However, a sigificat dif ference was doserved in the vardiability of perfomence,
F(1) = 5.9, p < .05. Participants in the inplicit training codition exhibited a
significantly lower level of variability in perfomence (M = 10.48, D = 15.36)
relative to the participants in the explicit training codition M = 15.81, D =
8.17) . No significant trial effect was ford in the mesn deviatians from the gptimm
heading, F(5) = 0.37, p > .05.

Table 3
Mean Within-Trial Deviations and Mean Variability from the Optimum Heading

Deviations from the Optimum Heading (degrees)
Mean Error SD of Error
Trial Number Explicit Implicit Explicit Implicit
Mean SD Mean SD Mean SD Mean SD
1 4.44 (6.75) -5.69 (20.63) 18.51 (10.30) | 22.19 (30.29)
2 4.06 (5.35) 0.77 (3.50) 18.20 (8.52) 12.43 (9.35)
3 0.98 (7.59) 0.66 (5.05) 16.58 (8.64) 11.40 (16.35)
4 0.77 (2.70) 0.42 (1.34) 13.93 (6.25) 6.60 (3.20)
5 1.40 (3.50) 0.91 (3.06) 14.62 (7.85) 5.14 (3.20)
6 0.40 (1.05) 0.81 (2.45) 13.04 (6.60) 5.15 (4.00)

A significant trial effect was ford in the vardability of the perticipants’
performences, F(5) - 2.59, p < .05. It was doserved that the performences of the
perticipents in both training caditias did inprove an this criterion over time.
However, it appeared that the improvement was far greater for those within the
inplicit training codition, althooh o significant Trial x Training CGodition
interactim was ford F(5) = 0.76, p > .05) . I\bagufmant'Ihaleiamrgcmdltlm
interaction was fourd in mean deviations fram the optimm heading, F(5) = 1.53,
p > .05.

Glideslope

No significant differences were fourd between the performences of participents
in the two training caditians in the mesn deviatians from the optimm glideslope,
F(1) =1.39, p > .05, nor in the vardability of perfomence, F(1) =2.71, p > .05).
Furthermore, ro significant trial effect an mean deviatians wes faurd, F(5) 0.13, p
> .05. However, asigificat trial ef fect was ford far the variability in perfamence
with reference to the gptimm glideslope, F(5) = 2.84, p > .05. Participents in
both training caditions did inprove over time, but overall the inplicit leamers did
appear to leam more quickly, although again the Tral x Training Condition
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interaction was ot significant (F(5) = 0.69, p > .05) . No significant Trial x Training
Coditio effects were ford for the participants’ mean deviatians, F(5) = 0.27, p
> .05.

Table 4
Mean Within-Trial Deviations and Mean Variability from the Optimum
Glideslope

Deviations from the Optimum Glideslope (degrees)
Trial Number Mean Error SD of Error
Explicit Implicit Explicit Implicit

Mean SD Mean SD Mean SD Mean SD
1 1.10 (2.04) 0.38 (2.87) 3.10(1.62) 3.45(2.74)
2 1.16 (1.32) 0.99 (0.97) 2.76 (1.33) 1.90 (1.04)
3 0.77 (1.57) 0.84 (0.82) 2.19 (0.82) 1.92 (1.27)
4 0.88 (1.25) 0.92 (0.87) 2.48 (1.75) 1.58 (1.16)
5 1.24 (0.82) 0.60 (1.15) 1.85(0.62) 1.83 (1.58)
6 1.18 (1.65) 0.71 (0.71) 2.27 (1.34) 1.36 (1.61)

NASA-TLX Rating

An independent t-test was computed with the independent variable being the
training codition (explicit or inplicit) ard the deperdent variable being the
participaents’ socores an the NASA-TIX. This revealed that there was a highly
significant difference between the ratings of the two grogps (£ =4.15, df =18, p
< 0.01) . Participants within the explicit training caditio provided significantly
higher subjective workload ratings (M = 65.43, SD = 10.79) than the ratings
given by the perticipants in the inplicit training codition M = 45.83, D =
10.32).

Prospective Duration Estimate scores

The extent to which the PDE task interfered with primary task performence
was assessed by comparing the participents’ performences on trials 3 ard 4
(the first trdal vhich included the FOE task) . 2n independent t-test revealed that
there was no significant difference between the participants’ performence an
trials 3 ard 4 an any of the 8 depardent vardiables. A sumery of these results is
shown in Table 5.
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Table 5

Testing for any interference effects associated with the performance of the

PDE task
Trial 3 Trial 4
Variable Mean SD Mean SD t
Altitude Error 158.56 | (284.28) -97.43 (232.99) -0.74%
Altitude Variability 157.20 | (103.83) 135.02 (63.90) 0.81%*
Speed Error 13.46 (18.79) 8.59 (24.33) 0.71%*
Speed Variability 24.28 (5.85) 22.02 (5.05) 1.31%
Heading Error 0.82 (6.28) 0.59 (2.08) 0.15*
Heading Variability 13.99 (13.00) 10.26 (6.12) 1.16%*
Glideslope Error 0.81 (1.22) 0.90 (1.05) -0.26*
Glideslope Variability 2.05 (1.05) 2.03 (1.52) 0.07*
* = Not significant at the 5% level.
Table 6
Summary of deviations on the PDE task
Trial Number Explicit Implicit t
Mean SD Mean SD
4 1.27 (0.86) -0.16 (0.52) 4.52%%
5 1.33 (0.79) -0.44 (0.42) 6.26%*
6 0.69 (0.61) -0.22 (0.56) 3.46*
PDE Scores 1.10 (0.64) 0.35 (0.30) 3.35%*

* = Significant at the 5% level, ** - Significant at the 1% level.

The Benefits of Implicit Learning

163



164

In order to compare the performances of the two groups on the secondary
task, a series of independent t-tests were conducted (where the independent
variable wes training codition, explicit or inplicit, and the dependent variable
was the participents’ score an the POE task) . A sumery of these results is
shown in Table 6. Significant dif ferences were foud for each of the trials in
which the PDE task was completed. When the overall PDE score was computed
a highly significat differaxe was fard (c = 3.35, df = 18, p< .01) . The participats
within the implicit training codition produced estimated durations with a
significantly lower amount of deviation from the required time of 14 secads (M
=0.64, D= 0.30) relative to the participants within the explicit training cadition
M= 1.10, SD = 0.35).

Relationship between workload measures: In order to determine whether or
not there was a correlation between the subjective and dojective measures of
workload, a Pearson’s Product Morent Correlation Coefficient was calculated.
This revealed that a positive relationship was evident within the data between
the participants’ PDE score and the rating which they provided via the NASA
TIX (r = 0.48, p < 05). Therefore, participants who reported a lower level of
subjective workload were more likely to perform better on the secondary (PDE)
task.

Discussion

Effectiveness of the Training Programmes

The present study investigated the potential berefits of teaching ab-initio
pilots to lard an aircraft (similator) via a training programre which atrtenpted to
facilitate inplicit learmirg. Firstly, it is inportant to establish whether or not any
leaming actually tock place. The data indicated that significant inmprovements
did ccorr in the level of vardability within perfamence recarding Altitude, Heading
ard the Glideslope. Therefare, the participants within the anfrol codition, using
detailed instructians typical of wet is arrently used within pilct training, did
exhibit a significant level of leaming. The improvements mede by those
perticipants within the inplicit training condition proved interesting: There wes
no direct need to inform them of the comsequences of their behaviour or to
positively/necatively reinforce them for performing well or poorly . There was also
1o nead for participants to actually doserve another person performing the task.
e may aonclude fram the fact that as leaming took place without the need for
reinforcenent, doservation or a model, that sare form of experiential/inplicit
learmning had ocourred.

Comparing the Training Programmes

Further amalysis showed that the two groups did not differ in their level of
Error in temms of Altitude, Heading ar Glideslope. Nor did vardability within their
perfamences significantly dif fer in terms of Speed ard the Glideslaoe. Therefore,
the participants in the inplicit training codition perfomed as well as the
perticipants within the more traditiasl explicit training cadition an five of the
eight flight variables. This provided evidence for the acosptance of the first
Iypothesis in that, overall, the inplicit training programme did promote
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performences which were comparable to the performences of participents within

In fact, far sare of the test vardables, the inplicitly trained participants actelly
perfomed significantly better relative to the explicitly trained participants. They
were fard to perfamwith a significantly lower level of variability in Altitude ard
Heading. These differences in performance may be due to the nature of the two
training progranmes used for each condition. 2As a result of receiving relatively
less information, the inplicit leamers may have conpleted certain agpects of
the task an a suboanscious level. Rather than canscicusly thinking about flying
the aircraft towards the rumay, the inplicitly trained participents may not have
reeded to amsciously ‘think! about flying straidit, they just did it. This is,
however, avery dif ficult aonclusion to draw as inferences about the leaming
process must be made based upon the product (flying performence) as the
cognitive process can doviously not e doserved directly.

In terms of the Miltiple Resource Theory (Wickens, 1984), it also could be
argued thet the inplicitly trained participants received the mejarity of their training
information via the spatial informetion code through doserving and evaluating
their own performance. There would have been no need, therefore, for these
individuals to cawert this information when acoessing the spatial component of
their working memory as the informetion already would have been in the correct
modelity (i.e. spatial rather then verel). In cotrast, the explicitly trained
participants received the mejority of their training infometio through verbal
instructions and, hence, via the verbal informetion code. They then would have
needed to cawert this informetion into gpatial instructians when accessing the
spatial component of their working menory in order to practice and perform the
task. Thus, the requirement to cawert the information during task performence
may have slowed down the learning process and hence explain why the implicit
leammers performed better an certain variables and appeared to be leaming at a
faster rate. The presured additioal information/cognitive processing workload
imposed by such information cawersion is reflected in the poorer PDE scores
arnd the increased NASA TIX reported workload scores in the explicit learning
grap.

The procedural nature of the instructians given to the explicit leamers may
explain why the participents within the cotrol codition did perform significantly
better an the Speed Ervor elanent of the task. Therefore, although the inplicitly
trained participants exhibited a lower level of variability within performence an
sare test vardables, they axsistently were aut-perfarmed in terms of the difference
between their actual speed and the optimm speed. ZAn explarnatiom for this
aould ke that the inplicitly trained participants did not view the speed elarant of
the task as being as inportant as the aircraft’s dirvection and height. They may
have failed to regularly look at the gpeed indicator and instead concentrated an
the direction ard heading indicatars. Tn aatrast, the explicitly trained participants
were given clear arnd detailed instructions of the procedires which they should
follow during the task. This may have ensured that each indicator was checked
regularly with each elerent of the task being equally inportant. Tt also could
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have been that variability in perfomence was predominantly a motor skill,
whereas, the Speed Error variable was predominantly a procedural task which
demarnded that the Speed Indicator was checked regularly so that ary required
adjustiments could be mede. Therefore, it could be suggested that inplicit leaming
aould ke more effective with perceptual motor tasks, such as visual flight rules
(VFR) flying; whereas, explicit leaming could ke a nore effective method for
proocediral tasks. By co-incidence, instrurent flying is predominently procediral
in retire. As an aside, during the tasks, neither grop of trainees verbally
coached tharselves, althouch a few did curse if they noticed a significant ervor.

Workload

The inplicitly trained participants were foud to perform significantly better
o the Prospective Duration Estimate (PDE) task. Based upon the attentional
model, (Zakay & Shib, 1998), ane could conclude from this that the implicitly
trained participants experienced a significantly lower level of workleed ard hence
retained a higher amount of spare capacity when performing the task. Hayes
ard Brosdoent (1988) suggested that performing implicit skills does not require
abstract working memory . This would suggest that certain aspects of this task
were being completed inplicitly ensuring that a higher level of working memory
was left available for use when perfaming the secaxdary task. The inplicit leamers
may have viewed the instruments, recognised the adjustment which needed to
e made and then activated the appropriate motor progranme without having to
consciously ‘select’ the movement which was required. This explanation would
axncur with the work of Sdrneider and Shiffrin (1977) who suggested that inplicit
gkills are cognitively mepped direct fram stimilus to regponse without the need
for the selection stage to take place. Thus, less aasciocus information processing
takes place ard the leamer has more spare capacity with which to carry cut
other tasks.

The participants in the explicit training cadition, an the other hard, were
given clear and detailed rules and procedures to follow when practicing and
aopleting the task. This was designed to pravote an explicit leaming strategy
in which the participants had to conscicusly think of the indicators which needed
to be checked and then which control to move in order to meke arty necessary
adjustments. The explicitly trained participants are likely to have needed to
meke a series of gmll selections as to what they needed to do next. The
concept of the Respanse Selection Bottleneck, as presented by Pashler (1994)
may 9o sore way to aid an understanding of why this explicit form of training
may delay the learming process and perhaps detracted from the participsnts’
perfomernce. For exanple, if a participant within the explicit training codition
doserved that a change in altitude was required, they still may be attenpting to
select the appropriate movement whilst also consciocusly trying to remember
which indicator they should ke lodking at next. As the model suggested, two
omscious explicit selectians carmot e mede similtaneously (egpecially during
the leaming phase of a gkill), a delay ocould be caused between the charnge in
altitude being made and them moving anto the next indicator .This may help to
explain wy the explicitly trained participants exhibited a higher degree of
variability within performence ard why they performed less well than the inplicit
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group an the secondary POE task. Thus, the second hypothesis can be accepted
in thet the iInplicit lesmmers did perfam significantly better then the explicit learers
m a secadary task under test conditions. The successful application of the
POE tecdmique within this research lends further support to those who have
previcusly advocated PDE scores as being a useful secondary task for dotaining
an dojective measure of (conscious) workload and spare capacity (Zakay &
Shub, 1998) .

The difference in workload between the two groups indicated by their
performences o the secandary task was supported by the participants’ subjective
ratings of worklcad (NASA TIX), which were foud to be significantly lower for
those within the implicit training cadition. This again may be explained by the
concept of the Response Selection Bottleneck (RSB) model as presented by
Pashler (1994). The implicit leamers theoretically should ke able to aarplete
more elements of the task inplicitly and hence, by meking fewer conscious
selectians. Tt could therefore be suggested that the explicit leamers would have
een more 1likely to e required to meke similtanecus selectians whilst performing
the task. As the RSB model suggests, this carmot happen and so pressure will
build up until the first selection is mede. This will place a greater darerd upmn
the participants’ attentiowl resomrces ard the pressure created by the need for
similtanecus selections can be interpreted by the participants as representing
a higher workload. The third hypothesis can be accepted in that the implicit
leamers did report a significantly lower level of workload associated with the
performence of the task under test caditions.

Limitations

There are sore ways in which the methodology used within this research
could ke inmproved. Firstly, the participants anly received ae training session
which lasted approximately ane hour. Tt caild e argued thet it is dif fiadlt to draw
too mery aanclusians ased upm a relatively smell amont of training; therefore,
a longer training period could have been used. However, the trainees were ab-
initio studants ad the stidy protocol wes mearnt to reflect initial learming.
Secondly, although the participants were randomly assigned to ae of the training
axditians, this still may not have ensured individual differences were aotrolled
for . Degpite the fact that nae of the participants had any prior flight experiance,
presunebly sare of them would have been naturally better at the task than
others ard this could have had an effect an their performances. The alterrative
approach would have been performance/ability testing of each participant, with
matched groups. However, this apporoach would have meant that the participents
were ro lager raive.  Thirdly, the very retire of leaming itself mekes it dif fiait
to accurately define what has taken place. One can only meke inferences
regarding the process based upon the product (i.e. task performence) and this
may not always capture what has actually occurred. Finally, although some
berefits of inplicit leaming were dammstrated within this study, it does irvolve
the use of a fligt similator. It may ke that any such benefits would not be
presat if the training todk place in an actual aircraft with greater enviramental
varidaility . However, it could be hypothesised that such conditions would favour
inplicit lesming!
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Conclusions and Recommendations for Future Research

This study has re-visited the aonospt of inplicit and explicit leaming as two
distinct processing chammels rather than being along a contimmam. The more
traditiaal theordies of the leaming process (i.e. Fitts & Posner 1967; Anderson,
1983) require that explicit infomstio is requived before perceptial motor skills
e acquired. The findings within this study do sugport those within Clesrarans
et al’s (1998) meta-aralysis of the leaming processes, in that people can leam
incidentally sinply thraugh experience, without explicit instruction. This study
also supports the findings of Maxwell et al (2001) in that the performences an a
secadary task, in those who have been implicitly trained, appears to be
significantly better than those who have received nore traditicml instruction
kased ypm explicit leaming. Rurther research is required in this field to determine
the feasibility of adopting pilot training programmes which focus more upon
implicit leaming, with a view to benefiting fram the associated advantages of a
reduction in perceived workload and an increase in spare capacity. Such an
approach might be more beneficial where the emphasis is upon learning
peroeptual notor skills rather then procedural skills. Such an approach oould
facilitate a reduction in the frequency of subsequent errors mede by trainee
pilots and ultimately the mmber of accidents. It could be aoncluded fraom this
research that, for certain, yet to be defined tasks, the teacher role could be
more a ae of facilitation rather nile-based instructians. Tt also midght ke suggested
that trainers should endeavour to avoid the temptation of providing an excess of
veral infametion when a relatively diffiailt notar gkill is being taght as this
may anly have a negative impact by slowing the leaming process. Too much
vertal infometion also may meke the task appear more difficult then it really is
ard reduce the trainees’ spare capacity whilst performing the task. Both children
ard adults have a natural propensity to leam and, where appropriate, should be
allowed to do so experientially throuch guided practice (Knowles, 1975; Rogers,
1969) . The potential benefits of implicit leaming could be advantagecus to any
safety critical sitietion in which a rdoust motar &kill is to be leamt. Rubwe
research aould explare the leaming of differat gkdlls within safety aritical activities
other then flying, especially where multiple motor tasks and cognitive tasks
must be carried cut similtanecusly. The results of this study suggested that
moving towards training programmes which incorporate implicit leaming could
practe at least equivalant perfamences to traditianl training, whilst meintaining
a lower level of perceived workload and a higher degree of spare capacity in the
trairee.
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Abstract

This article was designed to be a training development position
paper. As such, it promotes the development of a training model
that implements a new way of thinking and developing aviation
education at comprehensive universities. As a position paper, for-
mal operations that generate numbers and are supported by pre-
vious research studies are not the purpose. In this manner, a new
innovative approach to the aviation education challenges of future
can be discussed and critiqued along with our colleagues.

The authors describe a clinical model that would advance the avia-
tion education discipline at comprehensive universities. The flight
center is established as a clinic, similar to clinics in the health
professions. It utilizes instructors to accomplish the significant role
of flight training and minimizes the involvement of research faculty.
The senior faculty in aviation programs, therefore, can be dedi-
cated to research and training of graduate students. Because doc-
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toral programs must be based in research, the nature of research
is critical to program development. Examples of the six basic cat-
egories of research include basic, fundamental, exploratory, ap-
plied, programmatic, and industrial. Through such research the
discipline of aviation can be established at comprehensive univer-
sities and strive to meet the demand of an industry that may be
unlimited.

At the comprehensive university level, a differentiated faculty fol-
lowing a clinical model is one format that would succeed.

Introduction

This training development position paper proposes a model that aviation
education research can progper at the corprehensive university level. This new
way of thinking prawtes research at a level that has not been achieved to date.

At the research frattier, be that frantier the realm of adter space ar the ratire
of airline travel between cities, the knowledge acquired from aerospace and
aviation research is capable of changing humen society. From experiments on
flight in 1903 by the Wright brothers that proved humen flight possible to the
develooment of the Intermational Space Station (Crouch, 1989), research
experiments and tests in aviation during the last 100 years have changed how
people move from place to place. A vast aviation industry has developed to
facilitate travel, although the varicus foms of the airplane were also agplied to
military cperations with deadly aonsequences. Every aspect of aviation requires
research ard education because people aanstantly strive to improve the quality
of human experiences.

During the Wright brothers ’ experiments, it toock days to sail fram Barope to
Arerica but the Coxcorde, flying at supersanic speeds, routinely mede the trip
in hours. The Concorde was just ane part of a conplex econanic/social empire
designed to facilitate movement between places. The cost of maintaining this
elite machine, however, cotributed to its pemenent removal fram service in
2003. Aviation is a aaplex realm that nust rely an educated citizens to contirue
the progress of the last canbury . What the fubure holds will be determined through
research. Clearly, aviatim education is an essantial part of the industry thet
relies o tedrology for every aspect of nmoving pecple through the air from city
tocity . The purpose of this paper is to describe an aviation education program
ard doourent: the types of research that will help the discipline achieve acadamic
Stature at carprehansive wiversities. Aviation educatio is an everging discipline
that now is recognized as more than pilot training (Truitt & Kaps, 1995, Jdmsm
& Lehrer, 1995). “Tre sky is the limit” for aviation educarion when resesrch is an
integral part of the education process that leads to a doctoral degree.

Degree Programs in Aviation Bducatim
As aoprehensive wniversities develop doctoral programs in aviation, research
acquires a level of inportance far faaulty to attain professiaal rarks ad ultinetely
tenure. Contrast this goal with the primary dojective of most undergraduate
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students in an aviatio progrem — flight training (Karp, 2000) . Because flight
training rapidly noves from the classroom into individialized instruction in smell
aircraft, meregament of faaulty resources will ke critical for the successful
establishment of a doctoral program. By using a clinical model for the flight
program, the department can dif ferentiate among faculty, thereoy providing the
critical elamet of time for faaulty imvolved with ressarch ard the doctaral program.
By clinical model, we mean that aviation should be pattemed after a program
such as the speech comumnication and disorder clinics in which pecple with
speech disorders can be treated by professianal staff that may or may not be
active in the doctoral program of the disciplire.

The speech commnication and disorder clinical model is so successful, the
American Speech and Hearing Association has incorporated clinical geerations
as part of their standard for accreditation of Graduate Education Programs in
Audiology and Speech - Language Pathology (ASAA, 2004). Standard 3.0
identifies the arriaulun (acadamic ard clinical educarion) that is amsistent
with the program stardards for entry into the professianl practice. The program
nust offer appropriate courses ard clinical experience an a regular basis so
that students enrolled in the program ey satisfy the requivements for a degree
for entry into professiawl practice. The standerd ootirues to identify the
minimm contact hours necessary for each category ard level of instruction.
The FAA Pratical Test Standards are a mirror imege of this clinical formet
FRA, 2004) .

Upn dotaining a bachelor’s degree in aviation with an enmphasis on flight
training, a graduate often lacks the necessary flight hours to becore a
professianal pilot. By encouraging these students to enter a mester’s degree
program ard serve as flight instructars for the udergraduates, faaulty can acquire
time for research in aotrast to sparding hours in flightt training. The MS students
eam flight time as instructors, which helps tham attain their persaal goals of
becoming professional pilots. Whereas sore classroom instruction may be
required of the faaulty for the large runber of students seeking flight training,
the staff wo nn the clinic (i.e. flight training) assure the teaching burden fram
the faaulty ad geerally are ot irvolved in doctaral research. In arnother exanple,
resident physicians in hogpitals see patients to leam how to recoonize ard treat
synmptans but they also relieve the faculty physicians fram these tasks, which
allow the faculty to perform research ard enhance the reputation of the program.

The key to advancing the discipline is developing faculty who are active in
research. Carprehensive universities expect all faculty to seek pramwtions and
terure ard to have active research programs. At regiawl schools with aviation
programs, research is generally not part of the reward system because of the
large teaching load assigned to each faculty.As senior faculty develop at the
conprehensive universities, however, a clear distinction awag various prograns
will ke possible. Although every flight training cperation must meet minimm
standards of the Federal Aviatio Administration (FAA), departments with active
research prograns should be able to amtribute higher standards to all aspects
of aviation education.

Doctoral Program That Utilizes the Clinical Model
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How should programs be structured to enhance research in aviation? Jomson
(1997) proposed the term Aeronology as the non-engineering aeronautical/
aerospace sciences degree that would use the research/practitioner model as
the tenplate for developing degree programs. To date, however, that termhas
ot been arbraced but doctoral programs in aviation are expanding. We believe
that aarprehensive universities need to adoot a clinical model to sugport arerging
doctoral programs.

Doctoral Programs at Comprehensive Universities
Most state higher education institutians are classified into the three graups:

I Coprehensive Graduate Universities: The functions of the carprehensive
graduate universities include (1) lower-division and ugeer-division undergraduate
study in a rinber of fields leading to the badhelar’s ar first professianl degree;
(2) graduate study in several fields of advanced learnirg leading to the master’s
degree; (3) graduate study in selected fields leading toward the doctor’ s degres;
(4) Organized basic ard applied research; (5) statewide programs of extension
study and public service; (6) statewide programs designed to promte the
ecaomic develaorent of the state, ard (7) to the extent resources are available,
to carry aut limited prograns ard projects an a natiaal and intematiaal scale.

I Regigwl Universities: The fuctians of the regiarl wiversities include (1)
lower-divisian ard ugper-division undergraduate stidy in several fields leading to
the bacdhelor’s degree; (2) a limited rinber of prograns leading towerd the first-
professianal degree; (3) graduate study below the doctor’s level; (4) extension
ard public service respansibilities in the geographic regians in which they are
located, and (5) respansibility for regianal programs of economic develogment.

IL Two-Year (blleges: The function of the two-year college is (1) to provide
geral education for all studatts; (2) to provide education in several basic fields
of wniversity-parallel study for those students who plan to trensfer and to a
kachelor’ s degree granting university; (3) to provide ane- and two-year prograns
of tedmical and occupatianal education that prepare individuals to enter the
labor market; (4) to provide programs of remedial and developrental education
for those whose previous education may not have prepared them for college,
ard (5) to provide formel ard informel programs of study especially designed for
adults ard cut-of-school youth to serve the comumnity generally with contimuing
education ogportunity .

The clear distinction among various colleges ard wniversities, in terms of
mission and dojectives, should encourage professiaals to acquire the research
gkills necessary to function at canprehensive universities. With corprehensive
wniversities, however, the Department of Aviation nust finction dif ferently then
most departments. A clinical model is needed to pramte program growth and
development .
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Aviation Education Clinical Model

Doctoral degree programs in aviation education should be offered at the
aorprehensive wniversity level . These institutions need the health clinic model
to meet the damerds of the flight training programs, as well as the research
requirements of the doctoral degree. The flidht center would ke the clinic. A the
airport, the clinic would be staffed and operated to prepare professianl pilots
and lead to the campletion of the bachelor’s degree. The students would meet
allFAA Part 141 requirements. Rin by a professianal flight menager, the faadlty
would e at the master’'s level. Tre faaulty rark of instructor wauld e agoraoriate
because the termimal degree in the aviatio field is the mester’s degree, althoch
Jdemard for faculty with doctoral degrees is growing.

Most universities define the instructor to ke a persm who should have earmed
a mester’s degree in his or her field and should have professiawl skills and
expertise needed in the discipline. Such expertise should be certified by the
professianl organization of the discipline, or certifying agency.2n instructor
also demmstrates excellent perfomence in teaching and other assigned duties.
The record of the instructor is meintained in accordance with the profession.

The remaining faculty that sugport the professianal pilot degree autside the
clinic are assistant professors, associate professors, and/or professor level
faailty . The assistant professor would have earmed the doctor ‘s degree, shown
the ability to exhibit the potential to grow in an academic career in accordance
with the mission of the institution arnd the dojectives of the academic wnit. The
associate professor would demonstrate that he/she is an accorplished teacher,
ard has a significant record of sdholarly work in teaching, research, and service
to the profession. The professor renk designates that a person’s academic
achievarent merits recognition as a distinguished authority in his/her field.
Professianl colleagues, within the wiversity and natiawlly, recognize the
professar for their catriburians to the discipline. A professor is an cutstanding
merber of the academic community and sustains excellent performence in
teaching, research, and service to the professian.

The transition from a flignt-training program to a aarprehensive degree program
requires faculty to ke dedicated to research. 2Zs a relatively new disciplire, a
variety of research is needed to advence the discipline. The following section an
research differentiates among the types of research possible in aviatim.

The Nature of Research

The acquisition of knowledge can ocour in mery ways, including well-designed
experiments, through varicus experiences, or accidentally. Knowledge does not
necessarily arise fram speculation but requires evidence as the thoughts about
the nature of the surface of the mom proved. When Armstrong and Aldrin landed
an the moon in 1969, they acquired knowledge of the surface and were able to
dispel all of the myths generated for millemia about the nature of the surface.
Once new knowledge has been generated, the next step is conmunicating that
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krowlede to others, i.e., the process of education. Tt is not practical for everyae
go to the mom to learmn about the surface, therefore, education minimizes the
cost of acquiring knowledge and the risks associated with acquiring evidence.
Unfortunately, acquiring any new knowledge has increased in cost and aarplexdity .

Education involves helping others acquire the knowledge that they need to
function in society. Figure 1, a diagram of known versus unknown knowledge, is
a aceptual perspective of the research frontier (nmodified from Marks, Vitek,
Glardina, & MoQueen, 2002) . Pegple are taught what is known ut that informetion
is not static because new knowledge is constantly being acquired through
research alayg the fratier. Integrating this knowledoe into educatio is necessary
to aontimue the advancement of the research frantier. Unlike the sdolars of 100
years ago who had a smaller knowledge base but had a greater breadth of
knowledge, scholars today become very specialized in narrowly defined
disciplines. The Wright brothers, for exanple, were craftsmen who experimented
with a powered machine and proved pecple could use machines to fly. lhaotrast,
a pilct today is a goecialist in the systars of a partiailar aivcraft with regerd to
operational prooedures for takeoff, flight, landing, and energencies. The
procedures will vary based upon the system in each aircraft; hence, education
ard flight similation are used to prepare the pilct to fly each type of plare. The
ability to ggoraxdinete reality in flight similators provides a grest educarion while
minimizing the risk and costs associated with leaming a flight system.

Research Frontier

unknown

integration
of all
research

human factors

known

flight
dynamics

FEEDBACK OF
RESEARCH INTO

CURRICULAR
CHANGES

-~

EXPANSION OF
KNOWLEDGE IN

\ EVERYLE \FEI’./

Figure 1. Known versus unknown knowledge.
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Within education, faculty must perform research and publish to advance the
knowledge base. Truitt and Kaps (1995) reviewed the status of sdplarly jomrals
in which aviation research can be published. When they prepared their article,
aaputer seardhes were Jjust begiming ard finding exd sting literature was dffiadlt.
Weress the literature raveins scattered in a variety of jomals, library search
erngines and rumerous databases now facilitate acquisition of the knowledge as
it is being published. Easy access to published literature is necessary because
the knowledge base forms the common theoretical and conceptual bases of the
discipline. Faculty ootributes to the developrent of these bases ard students
must understarnd the fordatians of the discipline fram which they will generate
new knowledge through research.

Whether the doctoral program is an EAD or PhD, research must be carpleted.
Dill ard Morrison (1985) stated these degrees might be similar. Most graduate
oolleges, however, restrict the amomnt of research performed for the ED whereas
few limits are placed an the research hours for the PriD. The nature of research
is often the key because puare, applied ard literacy dojectives form the basis for
the PD, ard the ED is more related to gpplication. In an effort to describe
research available to fledgling aviation programs, we have modified the research
clagsification used by NASA Communicating NASA’s Knowledge (NASA, 1998)
to describe suitable topics, which could form the basis for advancing aviation
educatiom as a disciplire.

NASA has played a mejor role in aerospace education for at least 45 years.
At sare point, education specialists were hired to translate the new tecdmical
knowledge into education information and activities meaningful to students in K-
16+. Why? A pipelire of futire scientists is needed to amtirually expard the
research frantier . What type of research is performed at the frontier and how this
knowledge can contribute to aviation education and the development of
professiaals will be onsidered in the remeinder of this peper.

Categories of Research

According to Communicating NASA’s Knowledge (NASA, 1998), six
categories of research exist for the expressed purpose of acquiring knowledge.
Basic, fundamental, exploratory, applied, programmatic, and industrial are
categories in which to aggregate the knowledge being generated. Examples are
provided for each category of research to clarify the function and explain how
each can enhance doctoral programs in aviation education.

Basic. Basic research secks knowledge for the sake of that knowledge.
Within the realm of the aviation/aerospace discipline, the best exanple may be
the Hidble telesagpe. Fram its vantage point in space, data are captured without
being influenced by the atmosphere. But what is the purpose of the data?
Astronomers are seeking answers to many questions, such as when was the
universe formed, or do black holes exist? How fast are galaxies moving? Does
life exist an other planets? Whether we leam the answers to these questions or
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the muercus questions raised during analyses of the data will prdoably have
little if any inpact an hien activity. nly our imegiration limits the aims of
kasic research. In sare circles, the knowledge may simply be called “trivia.”
This basic research, however, may have value in the future as other changes
occur . Because we carmot predict what bit of new knowledge will initiate the
next revolutianary change in the quality of life, kasic research is amsidered a
good irvestment. Basic research in aviation education mey consist of new
tedmiques of teaching flight training or the role of aoposite materials in funmre
alrcraft desion.

Fundamental. Fundamental research seeks useful knowledge, such as the
characteristics of the atmosghere. As cold and warm air masses mix, tornadoes
may form. Predicting when and where these destructive winds might occur can
save lives with advanced warmings. In another exanple, the location of the jet
stream inpacts the routes airplanes fly. Headwirds or tailwirds af fect fuel usage,
ard therefore, where to fly to use or avoid these winds helps airlines save maey .
Alayg the flight route of every aircraft, atmospheric data are collected ad
transmitted to a central point to ke shared with all other airplanes. Whereas we
need fundamental knowledge of the atmosphere, its vast size and rapidly changing
coditians present dostacles to easy solutians to understanding the foroes at
work. Within aviation education, fundamental research may enhance how learming
occurs such that critical information is understood and remenbered. What is
the best method for training pilots about the corplex atmospheric conditions
they will face daily? Bducators can work divectly with scientists to devise prograns
to meximize learmning.

Exploratory. Exploratory research attempts to identify perceived useful
knowledge. Within the tedmique of remote sensing, scientists experiment with
sensors to aollect reflected or emitted energy at a scale that permits detailed
arnalysis of the surface. Can the mineral aomtent of kare rock be determined with
a level of acouracy to locate cres that can be mined at a profit? Qne goal of
using remote sensing is to save pecple fraom the tedicus effort of field research.
The tecmiques employed are often reliable for other purposes and through
experimentation extended into new areas of knowledge acquisition. Radar, fir
exanple, was develagoed to detect enamy aircraft, ut it has been vastly inmproved
to interpret weather phenarena (such as precipitation and wind characteristics) .
In aviation education, methods of how to teach information can be tested to
leam what works the best for the circurstances.

Applied. Applied research pursues practical dojectives, such as experiments
a the space station that are sent directly into K-12 classroars. Applied research
can have benefits that extend beyand the actual research. The psychological
impact on students who watch experiments from space may be difficult to
measure. Have these students been impressed by the experience and will it
have a lasting impact an their choice of a career? How and when such decisions
are mece are difficult to docurent. If students do oot to pursue careers related
to the space program, they would be fulfilling a hope that is enbedded in the
conoept of education from space. The knowledge created by activities in space
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is useful, but motivating students towerd science is also a goal of agpplied
research.

Programmatic. Programmatic research seeks and provides knowledge for a
mission. A questim is posed ard research is directed at answering that specific
question, such as what sensors are capable of detected huried ice? The proposed
research, however, may also be useful in related ef forts such as developing the
next generation of Space Shuttle. Educators might address the curricula of the
aviation/aerospace programs to determine which topics are required versus those
that should be electives.

Industrial . Industrial research attenpts to achieve economic benefits, such
as interpreting geologic structure to enhance mineral exploration. Many other
exanples can be given when ane aonsiders all the products in use today that
were criginally developed in support of space exploration. If such products can
e developed for mass aonsunption, great profits are possible for the industries
imvolved. Universities hope that sare faculty resesrch can generate profits
through patents arnd licensing and thereby help underwrite research in a variety
of disciplires. A highly successful training program could be licensed ard result
in resources for the university, program ard faculty .

The nature of research influences the knowledge created and how aviation
education is enhanced. However, aviatio edxation is a relatively new disciplire.
In reviewing the 2003 University Aviatim Association (BA) Institutional
Membership, 11% would be classified as carnprehensive universities that of fer
students the ggportinity to eam a doctoral degree. Fifty-eidght percent of the
menbers offer the Masters or Bachelor degrees and 31% are Camunity College
a Tedmical Schools. When the terminal degree is of fered as a Doctorate in
Education (BEd. D.), the amomt of research required for the dissertation is ten
credits. This is significantly less then the minimm of 15 credits required for the
dissertation in a Ph.D. program. Few comprehensive programs also mean fewer
oportunities for pegple who have a doctoral degree in aviation and are seeking
a wniversity career .Aviation programs must be upgraded through research to
erhance program quality and with the clinic fommst for flight training to provide
faculty with time to perform research.

Conclusions

Tre key to advancirg the disciplire of aviation education is to provide aviation
education with doctoral programs at comprehensive wniversities. Corprehensive
higher education institutions are designed to pramwte the necessary research
ard irvolve students secking the doctoral degree.

At the coprehensive wniversity level, a dif ferattiated faaulty, follavirga cliraal
model, is ae fommat that would sucoeed. The flight center would be the clinic
that wauld lead to the bacdhelor degree. The ramaining faculty would be assistant
professors, associate professors, and/or professor level faculty.The transition
fram a flight-training program to a carprehensive degree program requires faaulty
to be dedicated to research.
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In aviation education, a variety of research is welcare and necessary.This
includes basics, fundamental, exploratory, aoplied, programmetic, and industrial
research. The sky is the limit when research based aviation education doctoral
prograns are offered at coprehensive higher education universities. The clinical
model would lead to a successful doctoral program.
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Abstract

In the Department of Aerospace Technology at Indiana State Uni-
versity, many students complained to the faculty about their dissat-
isfaction with the two contracted flight schools’ training programs.
This study evaluated students’ satisfaction with the flight schools.
The Flight School Evaluation Survey was administered to all 66
students enrolled in the flight school program. Results showed that
the quality of service provided by the two flight schools appeared
generally adequate. However, survey results also showed that the
flight schools demonstrated a lack of openness to improvement,
some inadequacy of aircraft maintenance, and delays or denials of
training. Recommendations to institute more consistent delivery of
flight school training included regular departmental reviews of the
program and institution of improvements; development of ground-
based flight simulators for students, who experience flight training
delays; periodic meetings of faculty, students, and flight school con-
tractors; end-of-term student satisfaction surveys as part of the cur-
riculum; and comparative surveys with students at both flight schools
to assess each school’s performance and follow-up with further
improvements, if warranted.
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Nature of the Problem

At Indiana State University (ISU), the Department of Aerospace Technology
(BST) faculty received ruercus aarplaints about the students’ flight training.
This is autsorced uder wiversity aofract to private flight training sdhools
authorized by the Federal Avistio Administration (FAA) to caduxct flidght training
under FAA Regulatiom Part 61, referved to as Part 61 in this peper. Part 61
prescribes the requivenents for coducting flidht training, including the issuance
of pilct certificates ard ratings, ad, as related to this stdy, the caditians
urder which those authorizations are necessary (FAA, 2003) .

Mnecdotal evidence at ISU revealed that many students were dissatisfied
with the service delivered by the wniversity’s two aatracted flight schools, both
of which gperated at local airvports. Studats’ conplaints encompassed a variety
of areas, such as maintenance delays and cancellations, nonstandard training
procedires, ard poor agossrance of the flidtt sdwols’ facilities. Rar anfidatiality
paposes, the two flight schools are identrified throughout as Flight Sdool A and
Flight School B.

Purpose of the Study

The parpose of this study was to evaluate the two flight schools’ quality of
service through student feedoack. Student satisfaction was determined by
carpletion of the researcher-designed Flight School Evaluation Survey (FSES)
(see Appendix) . The results of the survey also assisted the ISU Department of
Aerospace Teclmology to meke decisions about the contimued use of these
flidt sdoals.

Literature Review

Literature in three pertinent areas was examined. These were (a) custarer
satisfactiom, () the stuwdent-flight sdool relatiaship, ad (c) studies of flight
tIa—-lIl ]J-Il g p]:@ta[[s-

Customer Satisfaction

Qustoner satisfaction may e defined as the extent to which the buyer’s
expectations are met by the perceived performance of a product. Kotler and
Arrstrang  (2001) explained, “If the product’s performmence falls short of
expectatians the buyer is dissatisfied. If performence matches or exceeds
expectatians, the buyer is satisfied ar delighted” (p. 9).

Bellchaners and Neun (2001) claimed that custarer satisfaction and quality
are interrelated and essential to a comparny”’s reputation. Camparty reputation
directly affects the “oottan lirg” of financial well-being. Gopenies should instill
custorers with confidence that the final product will meet the customers’
requiraments, e delivered correctly the first time, arnd not necessitate follow-
wp. In the case of flidt training, it is crucial thet the firel prodct, the training
itself, e delivered correctly the first time for dovicus reasans of safety ad
axvival.
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Qustarer feedback is a key indicator for maintaining a quality menagement
system for the campany and improving future performence. Feedback, which
can be gathered through surveys or interviews, should be solicited throughout
the custarer experience (Kotler & Armstrong, 2001) . For service campanies,
quality ard reliability require an agoirg ef fixt (Yu, 2001) . Bond ard Fink (2001)
assert that companies should allocate more resources to measuring customer

It is in the amtext of custarer satisfaction that the present study wes
udertaken. Prior to this study, no formel measures of consumer satisfaction
had been implemented for the specialized content of the ISU flight program.

Student-Flight School Relationships

The most camm relationship a student experiences in flight training is with
the flidt instructar . This ae-an-ae relatianship is critical for suocessful flight
training to take place (Downs, 2000) . Both the instructor and studant have specific
respxsibilities that aotrilute to the suogess of training. Hiner (2000) identified
several instructor hebits that may hinder effective student flight training, suchas
frequent lateress, arrviving uprepared far flight, shouring at studats, not letting
students fly the plane, ard not listening to students. In such cases, where the
instructor is not caducting the training praperly, sodats’ inflidgt sitstiasl
awareness oould e corpramised ard the flight placed at risk (Davissan, 2000) .

In a study of 106 flight training programs natiawide, Bryan (1996) foud that
students whose training was delayed for any reason, such as weather or
maintenance delays or cancellationg, and who failed to conplete flight courses
in timely fashion lost the effectiveness of aoourrent lecture/laboratory courses.
Bryan doserved, “.such delays can lead to ever-increasing aosts for the students.
In addition, failure to caomplete their academic programs impedes their

arployment ggportunities and intermupts their flight career progressian” (p. 63) .

Aspects other than instructors’ inappropriate behavior also may be sources
of acarplaint, such as uncooperative staff with whom students interact at the
aircraft checkout counter. Flight scdhool policies may affect students more
punitively than “walk-in” custorers-students may be required to dotain special
permission fram the flight schools to take passengers an flights, whereas other
similarly certificated pilcts using the sare facilities have o such restrictians
(Wurmen, 2000) . Such policies may result in students’ feeling that they are
unappreciated and their concemns are ignored, in comparison with nonstudent
paying custorers.

In relation to flight school policies, Warmen (2000) offered excellent advice.
He suggested that business owners and menagers discard outdated policies,
ramird instructars thet the flight sdol is servirg stidents, thet institurians
padtce fledhility, teach the “why” behind policies that must be retained, ard
begin an the “right foot” with new students.
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Studies of Flight Training Programs

Best practices for flight student recruitment were studied by Bowen,
Carstenson, and Hansen (1999). These researchers examined 20 collegiate
flight programs throughout the United States, with enphasis on recruitment of
students from other same-campus wniversity departments. Results demonstrated
that good student recruitment develgps from an active and ongoing commitment
to student neads, as well as excellence in the classroom ard flight training by
the faaulty ard staff of the fligt sdools.

Tuedtke and Papazafiropoulos (1996) examined retention issues as they
relate to collegiate aviation. The researchers surveyed 102 current ard former
students at a flight-training program in a mediun-sized state wniversity in
Nebraska. Tuedtke and Papazafiropoulos found a direct relationship between
student satisfaction ard retention in collegiate aviation prograns. The researchers
aaxluded, “Just as in business, if custarers do rot receive the help ard attention
needed they will take their business elsewhere” (p. 46) .

In summary, the literatire sugported the perspective that flight schools
omsider wniversity students as “custarers” and endeavor to please them at the
risk of losing their husiness. Too often, the flight scdhols perceive students as
less inportant than other custarers. Informal student feedback to this effect
led to the present study .

Methodology

Survey Development

A cross-sectiaal survey design was used for this study, conducted in the
spring of 2001. The survey was develgoed with reference to the literature, Federal
Aviation Regulation (FAR) Part 61, and imput in aviation and education from ISU
ard industry representatives. Comittees canprised of three department faculty
members ard three industry representatives were utilized for the develooment
ard drafting of the srvey . The 25-itam survey was divided into 4 sectians; student
demographics, training methods and procedures, aircraft maintenance issues,

Field-testing tock place with a sample of 7 students, 10% of the total 66
students ewolled in the IU flight-training program. After revisias for clarity ad
consistency, the firal swxvey, the FSES, was administered by the researcher
ard an assistant to all 66 students (100% response rate) during a regularly
scheduled classroom period.

The appendix reproduces the survey. Sectim A, Student Demographics,
amtains five itens (1-5) asking students their class rark, how layg they had
e in training, how ey flight hoars they hed aapleted, type of flight certificate
held, and rumber of other flight schools attended. Section B, Comparison With
Other Flight Schools and Progress, oantains two items (6-7), asking how students
felt about the IU flight school in canperison to the flight schools previcusly
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attaded, ad if they felt their training was progressing as they thoght it shaould.
Section C, Training Methods and Procedures contains six items (8-13) asking,
for eanple, if the flight scdhool was gpen to suggestians for improvement, if the
studats felt safe flying with the flight sdwool staff, ad if the fligt sdool had
clearly stated training dojectives.

Sectimn D, Flight Instructors, coftains eight itaws (14-21), asking, for
eaple, jfswdentsfelttmtdejrjnstrwtorsmjhz@txamrgtmemeﬂ if
instructors were readily available for amsultatians, ard if instructors informed
them how they wauld ke evaluated an each flight. Section E, Aircraft Maintenance
ard Facilities, cmtains four items (22-25), asking if students had keen delayed
or denied flight training an two or nmore occasians in the last 30 days due to a
aircraft maintenance prdolam with an aircraft, if stdents felt the aircraft were
adequately meintainad, if stdats felt safe flying the flidt sdwol aircraft, ad if
the flight sdool facilities were well maintained.

Limitations

Three limitations were evident in this study . First, the study was not designed
far agplicario to ather institutians with flight training prograns. Thus, this stdy
can be generalized anly to settings highly similar to that at ISU. Secad, although
the selection of survey items was based on informed recommendations of the
expert conmittees and the researcher, other relevant areas may have been
anitted which could affect the results, such as students’ persanal flight
experience. Third, the study sanple was a relatively gsmll cawenience sanple
ard the results may not be representative of other wniversity aviation programs.

Results

Demographic Characteristics

Data analysis showed that of the 66 students, 39.40% (N = 26) attended
Flight School A and 60.60% (N = 40) attended Flight School B. Of the total
sample, 61 students were White, 93%; two were Hispanic, 1.5%; one was
Africen American, 1%; and two were Japanese, 1.5%. A total of 61 were nele,
93%, ard five were female, 8%. All students lived an or near canpus; all were
within the traditioal wdergraduate age range from 18 to 21. None were caresr
changers, part-time students, or comuters.

Credit hours and flight experience. Stuxdents’ respases to Section A, Student
Demographics, are shown in Tables 1- 4. Table 1 shows that close to half of the
students at Flight School A had corpleted encugh credit hours to have junior
status, 42.30% (n =11) . However, the students at Flight School B were divided
almost equally an rumber of credit hours: fredhmen, 22.50% (n = 9); sogharore,
25.00% (n =10); judar, 25.00% (N =10); seniar, 27.50% (N =11).
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Table 1
Number of University Credit Hours Completed

Facility
Flight School A Flight School B
Item 1: Credit Hours Completed n % n %
Freshman (0-31) 6 23.08 9 22.50
Sophomore (32-62) 3 11.54 10 25.00
Junior (63-93) 11 42.30 10 25.00
Senior (94 and above) 6 23.08 11 27.50

Note. Nunbers in parentheses indicate mumber of credit hours campleted.

The nunber of years in flight training is shown in Table 2. Over three-farrths,
or 88.00%, of the Flight School A students had been in flight scdhool for less then
3 years. A total of 32.00% (N = 8) had been in flight school less then 1 year and
28.00% each (N = 7) between 1 and 2 years and between 2 and 3 years.

The runteer of years in flidht training for Flight School B studants wes similar,
with 77.50% in the first three categories: 35.00% (N = 14) had less then 1 year,
20.00% (n = 8) had more than 1 year and not more than 2, and 22.50% (N =9)
had 2 years hut less then 3. Also similar to Flight Sdxol A, 35.00% (N =14) of
the Flight Sdol B students had less then 1 year of flight training.

The runoer of flight hours conpleted is shown in Table 3. Over a third of the
Flight School A students, 38.46% (n = 10), had completed fram 101-200 flight
hours, compared to 22.50% (N =9) of the Flight School B students. Moreover,
aporaxdinetely a third of the Flight School A students, 34.62 % (N =9), hed less
than 100 hours, carpared to close to half, 42.50% (1 =17), of the Flight Sdool
B students.

The runber of flight certificates held (item 4) ard other flidht sdools attended
(item 5) are displayed in Teble 4. All respadents held sare form of flight
cartificates with private aertificate the hidest far Flidt Sdool A students, 44.00%
N =11) . Student ard private certificates rarked similarly at Flight School A,
30.00% (N =17) ad Flight School B, 32.50% (N =25). Although at Flight School
B 17.50% (n =7) were instrurent certified, the other respanses to this itam for
instrument, comrercial, or CFI at both schools were between 12.00% (N =3)
and 8.00% (N =2).

The runber of other flight schools the students had attended (item 5) shows

that Flight Scdhool A students had attended meny other flight schools: 20.00%
(n =5) none, 36.00% (N =9) ae, 24.00% (N =6) two, and 20.00% (N =5) three
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or more. However, at Flight School B, almost half, 47.50% (N = 19), had not
attended arother flight school, ard slightly less, 42.50% (N = 17), had attended
ae other flight school. Only two students each, 5.00% (n = 2), had attended
two ar three or more other flight schools.

Table 2
Number of Years in Flight Training
Facility

Flight School A Flight School B
Item 2: Years in Flight Training n % n %
Less than 1 year 8 32.00 14 35.00
More than 1 year/ but not more 7 28.00 8 20.00
Two years but less than 3 7 28.00 9 22.50
Three years but less than 4 2 8.00 7 17.50
Four or more years 1 4.00 2 5.00

Note. Nurber of years in flight training is related to academic years. One student who
attended Flight School A did not reply to this item.

Table 3
Number Flight Hours Completed
Facility
Flight School A Flight School B
Item 3: Flight Hours Completed n % n %
Less than 100 hours 9 34.62 17 42.50
101 to 200 hours 10 38.46 9 22.50
201 to 300 hours 3 11.54 11 27.50
301 to 400 hours 0 0.00 0 0.00
More than 400 hours 4 15.38 3 7.50
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Table 4
Flight Certificates and Other Flight Schools Attended

Facility

Flight School A Flight School B
Item n % n %
Item 4: Flight Certificates Held
Student certificate 6 24.00 12 30.00
Private 11 44.00 13 32.50
Instrument 3 12.00 7 17.50
Commercial 3 12.00 4 10.00
Certified Flight Instructor (CFI) 2 8.00 4 10.00
Item 5: Other Flight Schools
Attended
None 5 20.00 19 47.50
One 9 36.00 17 42.50
Two 6 24.00 2 5.00
Three or more 5 20.00 2 5.00

Note. 0ne student at Flight School A did not reply to items 4 ad 5.

Compatrison with other flight school programs. Responses to Section B,
Conmparison with Other Flight Schools Programs (items 6-7), are shown in Table
5. Students’ ratings of other flight sdhools attended in carperism with their
present ane showed a wide variation (item 6) . As can be seen, Flight School A
students’ responses were divided fairly equally: worse, 30.77% (n = 8); about
the same, 26.93% (N =7); adbetter, 23.08% (N =6). Only 19.22% (N =5) had
ot attended ancther flight school.

2s indicated in Table 5, almost a third of the Flight Sdool A students, 30.77%
N = 8), axmsidered their present school worse than others they had attended. In
omtrast, 10.26% (N = 4) of the Flight School B students rated their present
school worse than previocus cnes. Only 5.13% (N = 2) rated their presat sdool
about the same, and 15.38% (N = 6) rated it better. However, compared to
19.22% (n =5) of the Flight Sdool A studats, close to three-farths of the
Flight School B students, 69.23% (N = 27), had not attended ancther flight
school.
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Table 5
ISU Flight Schools Compared to Other Flight Schools

Facility

Flight School A Flight School B
Item n % n %
Item 6: Comparison of School
Ratings
Worse 8 30.77 4 10.26
About the same 7 26.93 2 5.13
Better 6 23.08 6 15.38
Had not attended another flight 5 19.22 27 69.23
school
Item 7: Flight Training Progress
Behind where I thought 19 73.09 23 58.97
I would be
About where I thought 5 19.22 14 35.90
1 would be
Ahead of where I thought I 2 7.69 2 5.13
would be

Note. e student from Flight School B did mot reply to items 6 ard 7.

Table 5 also shows students’ perogptiom of their progress in flight training
(item 7) . Most of the Flight Sdhool A students, 73.09% (n = 19), kelieved they
were behind where they thought they would be; 19.22% (n = 5) kelieved they
were where they thought they would be; and 7.69% (N = 2) believed they were
ahead of where they thought they would be.

The majority of Flight School B students, 58.97% (n = 23), kelieved they
were behind where they thought they would be. However, nore Flight School B
students than Flight School A students believed they were where they thought
they would be, 35.90% (N = 14), and anly 5.13% (N = 2) believed they were
ahead of where they thought they would be.

Training methods and procedures. Flight School A students’ responses to
Sectiom C, Training Methods and Procedures (items 8-13), are shown in Table
6. In a conbined percentage, over half the Flight School A students, 53.84%,
either stragly disagreed or disagreed (both 26.92%, n =7) thet the fligt sdool
was goen to student suggestians for improvement (item 8) . Again in a combined
percentage, over three-fourths, 76.92%, agreed (65.38%, N =17) ar stragly
agreed (11.54%, n =3) that the fligt sdool staf £ was visible an a daily besis to
help with training (item 9) . Over half, 53.85%, agreed (46.16%, N =12) ar sraygly
agreed (7.69%, n =2) that the school provided adequate instruction for their
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preferred tanpo of training (item 10) . Similarly, half, 50.00%, agreed (42.31%, Nn
=11) or stragly agreed (7.69%, N = 2) that they would recommerd the school
toothers (item11), although 19.23% (N =5) stragly disagreed and 11.54% (N =
3) disagreed on recommending the school.

Table 6
Flight School A: Training Methods and Procedures
Rating
Strongly No Strongly
Disagree Disagree Opinion Agree Agree
Item n % n % n % n % n %

8. Open to improvement 7 2692 7 2692 5 19.23| 6 23.08| 1 3.85

9. Staff visible and 1 385 3 11.54] 2 7.69| 17 65.38| 3 11.54
assists

10. Adequate 0 0.00/ 7 2692 5 19.23| 12 46.16| 2 7.69
instruction

11. Would recommend 5 19.23| 3 1154, 5 19.23| 11 4231 2 7.69
to others

12. Feel safe flying with 0 0.00| 1 385 4 15.37| 14 53.85| 7 [26.93
staff

13. Clearly stated 3 11.54| 7 2692 8 30.77) 5 19.23| 3 11.54
objectives

Note. Two students did not respond to items 10 and 12.

With regard to feeling safe flying with the flight school staff (itam 12), foxr-
fifths of the students agreed (53.85%, N = 14) or stragly agreed (26.93%, N =7)
that they felt safe. Goeeming whether the sdool provided clearly stated training
dojectives (item 13), 30.77% agreed (19.23%, N =5) ar stragly agreed (11.54%,
n = 3) that it had. However, 26.92% (N = 7) had no gpinion and disagreed.

Table 7 reports the Flight School B students’ responses to Section C. Close
to half the students, 45.00%, disagreed (30.00%, N = 12) or stragly disagreed
(15.00%, n = 6) that the flight school was goen to student suggestions for
improvement (item 8) . Varyirng percentages had no cpinion (27.50%, n =11) o
agreed (25.00%, n =10) or stragly agreed (2.50%, N =1) an this issue. Four-
fifths, 80.00%, agreed (60.00%, N = 24) or stragly agreed (20.00%, N =8) thet
the flidht school staff was visible an a daily kesis to help with training (item 9) .
Three-fourths, 74.37%, agreed (58.99%, N = 23) or stragly agre=d (25.38%, N
= 6) that the school provided adequate instruction for their preferred tenpo of
trainirg (item 10) . Similarly, 71.80% agreed (41.03%, N = 16) or stragly agreed
(30.77%, n = 12) that they would recomend the school to others, although
17.95% (N =7) had ro opinion (item 17).
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Table 7
Flight School B: Training Methods and Procedures

Rating
Strongly No Strongly
Disagree Disagree Opinion Agree Agree
Item n % n % n % n % n %

8. Open to improvement 6 15.00| 12 | 30.00| 11 27.50| 10 2500 1 2.50

9. Staff visible and 1 250 1 2500 6 15.00| 24 60.00 8 |20.00
assists
10. Adequate 2 526| 3 7.89 4 10.53] 23 60.53| 6 15.79
instruction
11. Would recommend 1 2.56| 3 7.69 7 17.95| 16 41.03| 12 |30.77
to others

12. Feel safe flying with 0 0.00 O 0.00| 3 7891 12 31.58| 23 [60.53
staff

13. Clearly stated 2 526 6 15791 9 23.68| 16 4211 5 13.16
objectives

Note. Two students did not respond to items 10 and 12.

With regard to feelirg safe flying with the flidnt school staff (item 12), over
famr-fifths of the stdats, 2.11%, agreed (31.58%, N = 12) or stragly agreed
(60.53%, n =23) that they felt safe. Gonceming whether the school had clearly
stated training dojectives (item 13), the mejority, 55.27%, agreed (42.11%, N =
16) or stragly agreed (13.16%, n =5) thet it had. However, 23.68% (N =9) had
no opinion and 21.05% disagreed (15.79%, N = 6) or stragly disagreed (5.26%,
n=2.

Flight instructors. Section D of the survey, Flidht Instructars (iters 14-21),
addressed respandents’ gpinions regarding their experiences with instructors.
As Teable 8 shows, two-thirds of the Flight Sdwol A students, 68.00%, agreed
(44.00%, N =11) or stragly agreed (24.00%, N =6) that their instructors used
the training time well (item 14). Slightly more students, 69.24%, agreed (46.16%,
n =12) or stragly agreed (23.08%, N =6) thet instructars were readily available
for axsultatians (item 15). A higher percentage, four-fifths, 80.00%, agreed
(64.00%, n = 16) or stragly agreed (16.00%, n = 4) thet the instructars
understood students’ training needs (item 16) . Almost two-thirds, 64.00%, agreed
(48.00%, n =12) or stragly agreed (16.00%, N = 4) that instructars were prepared
for each session (item 17). However, 28.00% disagreed (20.00%, N =5 o
strangly disagreed (8.00%, N = 2) that instructors were prepared.
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Table 8
Flight School A: Instructor Evaluations

Rating
Strongly No Strongly
Disagree Disagree Opinion Agree Agree
Item n % n % n % n % n %
14. Used training 1 400 3 12.00| 4 16.00| 11 44001 6 |24.00
time well
15. Available for 2 7.69| 2 7.69| 4 15.38] 12 46.16| 6 |23.08
consultations
16. Understood my 1 400 1 400 3 12.00| 16 64.00| 4 16.00
training needs
17. Prepared for 2 8.00 5 20.00/ 2 8.00| 12 48.00 4 |16.00
each session
18. Identified 1 4.00( 6 24.00 4 16.00| 11 44.00| 3 12.00
evaluation
format
19. Summarized 1 400 4 16.00| 1 4.00| 13 52001 6 |24.00
major points
after flight
20. Stimulates 1 4.00| 4 16.00| 5 16.00| 9 36.000 7 (28.00
interest in flying
21. Had two or more 10 41.67| 3 1250 5 20.83| 3 1250, 3 12.50
instructors
in past 30 days

Note. Orne student did not answer items 14, 16, 17, 18, 19. Two students did not answer
item 21

Regarding student evaluations by instructors, the majority, 56.00%, agreed
(44.00%, n =11) or stragly agreed (12.00%, n =3) thet teir indmucars idatified
how they wauld e evaluated prior to flight (item 18). Three-fourths, 76.00%,
agreed (52.00%, n = 13) or stragly agreed (24.00%, N = 6) thet instructars
sumerized the mejor points after each fligt (itam 19) . Alnost two-thirds, 64.00%,
agreed (36.00 %, N =9) or stragly agreed (28.00%, n =7) thet the instruction
stimilared their inrerest in flidt training (item20). The mejority, 54.17%, stragly
disagreed (41.67%, n = 10) or disagre=ed (12.50%, n = 3) that they had two ar
more instructars in the 30 days prior to the survey (itam 21) . One-fourth, 25.00%,
agreed or strangly agreed that they did have two or nore instructors (12.50%, n
=3 eadh).

As Table 9 shows, almost two-thirds of the Flight School B students, 65.79%,
agreed (44.74%, n = 17) or stragly agreed (21.05%, N =8) thet their ingtructars
used the training time well (item 14) . Over four-fifths, 82.06%, agreed (61.55%,
n = 24) or stragly agreed (20.51%, N =5) thet instructars were readily available
for axsultatians (item 15). Almost the same percentage, 82.05%, agreed
(56.41%, n = 22) or stragly agreed (25.64%, N = 10) thet the instructars
understood students’ training needs (item 16) . A similar percentage, 82.06%,
agreed (64.11%, N =25) or stragly agreed (17.95%, N =7) thet instructars were
prepared for each session (item 17) .
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Table 9
Flight School B: Instructor Evaluations

Rating
Strongly No Strongly
Disagree Disagree Opinion Agree Agree
Item n % n % n % n % n %
14. Used training 1 263 5 13.16| 7 1842 17 4474 8 21.05
time well
15. Available for 1 256 1 256 4 12.82] 24 61.55| 8 120.51
consultations
16. Understood my 2 5131 2 5131 3 7.69 22 56.41| 10 25.64
training needs
17. Prepared for 1 256 3 7.69| 3 7.69 25 64.11| 7 17.95
each session
18. Identified 5 12.82| 6 1538 4 1026, 20 51.28| 4 10.26
evaluation
format
19. Summarized 3 7.69| 2 513 2 513 23 5897 9 23.08
major points
after flight
20. Stimulates 1 256 4 10.26| 4 1026 18 46.15| 12 30.77
interest in flying
21. Had two or more 13 3334 8 20.51 71 1795 8 20.51| 3 7.69
instructors
in past 30 days

Note. 0re student did not respad to items 16, 17, 18, 19, 20, ard 21. Two students did not
respornd to items 14 and 15.

Regarding student evaluatians by instructors, close to two-thirds, 61.54%,
agreed (51.28%, n =20) or stragly agreed (10.26%, n =4) thet their instuctars
identified how they would e evaluated pricar to fligit (item 18) . Over forr-fifths,
82.05%, agreed (58.97%, N = 23) or stragly agreed (23.08%, n =9) tet
instructors sumerized the mejor points after each flight (item 19) . Slightly over
three-fourths, 76.92%, agreed (46.15%, N = 18) or stragly agreed (30.77%, N=
12) thet the instruction stimilated their interest in flight training (item 20) .

The majority, 53.85%, strongly disagreed (33.34%, N = 13) or disagreed
(20.15%, n =8) that they had two or more instructors in the 30 days prior to the
survey (item 21). Slightly over ane-fourth, 28.20%, agreed (20.51%, N =8) ar
stragly agreed (7.69%, h =3) that they did have two or more instructors.

Aircraft maintenance and facilities. Section E of the survey, Aircraft
Maintenance and Facilities (items 22-25), addressed respondents’ opinions
regarding the flight sdwols’ aircraft meinteance ad facilities. As Table 10
shows, almost three-fourths, 73.08%, of the Flight School A students stragly
agreed (65.39%, N =17) or agresd (7.69%, N =2) that training had been delayed
ar denied in the 30 days prior to survey administration (item 22). A gimilar
percentage, 73.07%, stragly disagreed (38.46%, n = 10) or disagreed (34.61%,
n =9) thet the aircraft were adequately maintained (item 23) . Slightly over half,
56.00%, agreed (52.00%, N =13) or stragly agreed (4.00%, N =1) thet they felt
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safe flyirg in the aircraft (item 24), although 24.00% disagreed or stragly
disagreed (12.00%, n =3 excth) thet they felt safe. For-fifths of the Flidht Sdool
A students, 80.77%, agreed (50.00%, n = 13) or stragly agreed (30.77%, N =
8) that the facilities were well maintained (item 25) .

Table 10
Flight School A: Maintenance and Facilities
Rating
Strongly No Strongly
Disagree Disagree Opinion Agree Agree
Item n % n % n % n % n %
22. Delayed/denied 2 769 3 11.54| 2 769 2 7.69| 17 |65.39
training in last 30
days
23. Aircraft 10 | 3846 9 3461 1 385 5 19.23] 1 3.85
adequately
maintained
24. Feel safe in 3 12.00) 3 12.00f 5 20.00| 13 52.00] 1 4.00
aircraft
25. Facilities well 2 769 1 3.85| 2 7.69| 13 50.00f 8 [30.77
maintained

Note. re student did not respand to item 24.

Table 11 shows that, unlike the Flight School A stdats, ower for-fifths,
84.62%, of the Flight School B students strongly disagreed (56.41%, N =22) ar
disagreed (28.21%, n =11) that training had been delayed or denied in the 30
days priar to survey adninistration (item 22) . A slightly larger percentage, 89.75%,
strangly agreed (61.54%, N = 24) or agreed (28.21%, n =11) thet the airaraft
were adequately maintained (item 23). Almost all students, 92.31%, agreed
(61.54%, n =24) or stragly agreed (30.77%, N =12) thet they felt safe flyirg in
the aircraft (item24) . Almost for-fifths of the Flight School B students, 79.48%,
agreed (51.27%, N = 20) or stragly agreed (28.21%, n =11) tet the facilities
were well maintained (item 25).

Table 11
Flight School B: Maintenance and Facilities
Rating
Strongly No Strongly
Disagree Disagree Opinion Agree Agree
Item n % n % n % n % n %
22. Delayed/denied 22 56.41| 11 | 2821| 3 769 2 513 1 2.56
training in last 30
days
23. Aircraft 1 256 1 256 2 513] 11 28.21| 24 | 61.54
adequately
maintained
24. Feel safe in 0 0.00 0 0.00| 3 7.69 12 30.77| 24 | 61.54
aircraft
25. Facilities well 0 0.00| 4 10.26| 4 10.26| 20 51.27| 11 | 28.21
maintained

Note. One student did not respond to items 22-25.
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Discussion

Student responses showed wide variation in both flight experience and
opinians abaut the flight school training. Differences were discemible between
the regponses of students at Flight School A ard Flight School B.

Comparison with Other Flight Schools and Programs

Respanses to Section B of the FSES, Conmparison with Other Flight Schools
and Programs, indicated that most students at both Flight School A ard Flight
School B were divided fairly equally between feeling that the ISU flight schools
were worse, about the same, or better than previcus schools attended (see
Table 5). Regarding progress, most students at both schools felt they were
behind where they thought they would be (see Table 5). Students may have
rared the flight schools similarly because of their limited experiences, egpecially
since the Flight School B students lacked previcus experience with flight sdhools.
Nevertheless, it is interesting that most students felt thet they were behird

where they thought they would be. Perhaps the students’ expectations as
custarers of the flight school were not being met.

Training Methods and Procedures

Responses to Section C, Training Methods and Procedures, showed that
most students at both flight schools felt the staff was not open to suggestians
for improvement (see Tables 6-7) . However, the mejarity agreed thet flight scdhool
staff were available for training and the scdhool provided adequate instruction. In
addition, the majority of students at both schools would reconmend the school
to others ard felt safe flying (see Tables 6-7) . With regprd to the flight sdools
providing clearly stated dojectives, Flight School B studants rated this facility
higher than Flight School A students (see Tables 6-7) . These responses seem
to indicate that Flight School B students experienced overall satisfaction with
their training. Their hich satisfaction may have resulted fram of their lack of
knowledge and experience in what to expect minimally fram flight schools.

Flight Instructors

Regpanses to Section D, Flight Instructors, showed that students at both
flight sdhools o the wole were satisfied with their individel instructars. Sodats
rated instructors hich an all elarents (see Tables 8-9) . Respanses to this section
were the nost wniform for both flight schools.

Aircraft Maintenance and Facilities

Responses to Section E, Aircraft Maintenance and Facilities, showed that
the majardty of Flight Sdool A students felt training had been delayed or denied
in the 30 days prior to survey administration. These students also felt that the
aircraft were not adequately maintained (see Table 10) . However, somewhat
paradodcally, these sodats also felt safe in the aircraft ad viewed the facilities
as well maintained (see Table 10) . In catrast, well over the mejarity of the Flidht
School B students did not feel training had been delayed or denied in the previcus
30 days ard did feel that the aircraft were well maintained (see Table 11) . Similar
to Flidht Sdrol A studats, almost all of the stdats felt safe flyirg in the
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aircraft ad that the facilities were well maintained (see Table 11).

These results indicated thet students’ levels of sarisfaction with both flight
schools were similar for meny itams in the FSES. Overall, students were satisfied
with the adequacy of instructio, safety factars, fligt instructars, and meintenance
of the aircraft ad facilities. However, students were dissatisfied with their omn
progress, with the schools’ not being open to suggested improvements, with
inadequate aircraft maintenance, and with the schools’ delays or denials of

No stdies were located that specifically assessed collegiate aviatio prograns
for student satisfaction. However, present results gererally aonfimm findings in
the literahre an austarer satisfaction ard student-flight instructor relatianships.
The areas of student dissatisfaction foud in the present research supports
Bellchambers and Neun'’s (2001) dbservations that custorer feedback is a key
indicator of service delivery . The extent of student satisfaction also bears aut
Yus (2001) coclusion that reliability was more important then custamization.
In the present study, stdats’ lack of satisfaction in sare of the surveyed
areas damaistrates their expectatians of basic service.

High student satisfaction with flight instructors as primery representatives of
the schools (Downs, 2000) adds strength to Hiner’s (2000) assertion that if the
relatianship is of high quality, custarers’ accusatory behavior in adverse
coditions terds to be low. In the present survey, students had relatively few
aarplaints overall and did not indicate that instructors behaved irrespansibly in
the ways outlined by Hiner.

However, studants’ assessment of management’s lack of cpamess to
suggestions for improvement confirms previcus findings on the importance of
maintaining custorer relationships (Bellchambers & Neun, 2001; Bond & Fink,
2001) . Moreover, saoats’ feelings that training wes delayed or denied ard that
aircraft maintenance was sarewhat inadequate point to the conclusion that the
flignt scdhools were not meeting FAA requiraments or ISU aotractual doligatians.

Conclusions

Tre findings of this study indicated that the quality of service provided by the
two aantracted flight schools to Indiana State University flight program students
appears generally adequate. This oconclusion contradicted students’ verbal
anplaints to faailty. Nevertheless, when the results of survey item were examined
individelly, the quality of flight school service required nuch inprovarent in
certain areas. These were flight schools’ lack of cparmess to improvement,
sare inadequacy of aircraft meintensnce, ard delays or denials of training.
Both flight schools nust neintain the sare level of training starndards as divected
by FER Part 61. However, Flidt Sdxol A received a substantially greater rinber
of verbal student corplaints, and survey results did bear cut these carplaints,
in aotrast to Flight Scdhool B. These appear in items 6-25 (see Tables 5-11).
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Several implications may be seen from the study results. Because of both
student vertal feedoadk ard survey results, resxamiration of the entire flight

school program is warranted by the ISU Department of Aerospace Technology.

Inmplementation of student satisfaction surveys each term may be ane way to
mnitar the fligtt sdwols’ service delivery . Survey administration would not anly
greatly reduce students’ aarplaints but could also decrease the risk of accident
ar irjury by early identification of flight safety prdolem aress.

Recommendations

A munber of recomendations may be made from the study results. First,
the Department of Aerospace Tedrology should review the entire flight school
program an a regular basis. Secand, an altermative training program, such as
use of ground-based flight simulators should be developed for students who
experience delays in flight school training. Such a program would meet student
requiraments for contiruous training and act as a backup system for aircraft
maintenance delays.

Third, study results should be distributed to all students, department staff
ard faaulty, and flight school menagers. Feedback would be solicited concerming
the results, ard this feedoack could ke incorporated into a subsequent report
ard improvement of flight training. Fourth, mothly meetings should ke schediiled
to inchude faaulty, student representatives, ard flight school aotractors for
assessment of new implementation as well as guidance for continuocus
improvement .

Fifth, a more comprehensive survey based upon the FSES should be
develaped. This survey should be administered to students after the inprovaments
are in place, ard the results ocarpared with the present study results. This
aorparism would act as an angoing evaluation of the flight school training.
Firelly, ssparate studies should be caxdiucted with students at both flight schools
to determine whether significance differences exist in their responses. If these
are foud, additianl explaration shauld ke mece of the saurce of these differences.

The recommended systematic surveys and resultant reports could
substantially enhance comunications among the students, department staff
ad faaulty, ard flight school menagers and instructors. Exchange of informetion
ard sharing of prdolems could contribute to much improved flight school
instruction, ad fulfillmet of FAA requisites and cotractual doligatians at the
IU flight-training program.

Summary

In the ontext of students as custarers to ke satisfied and delivered an
excellent product, this study identified ISU flight sdhool students’ satisfactians
regults, as well as the recomedatians offered, call for a more preactive respase
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by the Department of Aerospace Technology.The department should institute
axtinous monitoring of student flight training and take steps towerd inproverent
so that the ISU flight training program may consistently meet both the mendated
FA A requisites ard the IS0 flight students’ needs and requirements. It is hoped
that this study will serve as a model for other asrospace departments to becore
more aware of, monitor, and meke the necessary inprovements in their flight

training programs to deliver the safest ard most high-quality flight training to
their sodents.
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Appendix
Flight School Evaluation Survey (FSES)
The purpose of this study is to gather your views as how you perceive the
Flight School is meeting the needs of Indiana State University Department of
Aerospace Tedrology Students. Your sincere respanses will help the department

accomplish the departmental goals and meet your needs. Please ensure you
have read and signed the survey aonsent form prior to begiming this survey.

The term Flight School is used geerically to indicate where you are arrently
receivirg your flight training as a studat.

Please indicate your answer to each of the following questians reflecting an
aly the question being asked. If you feel you dm't want to answer a particular

question, leave it blank and move an to the next question. Please darken in the
circles as you feel best describes your opinion.

Please indicate at which airport you arrently receive your flight training by
darkening the agoropriate circle.

O Flight School A O Flight School B
A. Student Demographics

The following questians will help us gather informetion about where you are in
training and general background information.

1. By rumber of credit hours completed, would the university consider you a:

O Freshman (0-31)

O Sophomore (32-62)

O Juniar (63-93)

O Senior (94 and alove)

2. How lag have you been in flight training (in acadamic years)?

Less than one year

More than one year but not more than two year
Two years but less than three years

Three years hut less than four years

Four years or more

O O OO0OO

3. How many flight hours have you campleted?
O Less than 100 hours

O 101-200 hours
O 201-300 hours

Evaluation of Student Satisfaction
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Ippendix (Continued)

O 301-400 hours
O More than 400 hours

4. Trdicate the flight certificate you arrently possess (answer anly axe for the
hidhest certificate held) .

Student certificate

Private

Instrument

Commercial

Certified Flight Tnstructar (CFT)

O O OO0O

5. How many other flight schools have you attended?

None

One

Two

Three or more

O O OO

B. Comparison with Other Flight Schools and Programs

6. If you have attended other flight schools, how do you feel the Flight School
conpares to the other flight schools you have experienced?

Worse

About the same

Better

T have not attended ancther flight school

[eNeoNeNe]

7. Inyour cpinion, how is your flight training progressing as corpared to where
you thought you would be at this time?

O  Behind where T thought I would be

O About where T thought T would be

O  Ahead of where I thought I would be
C. Training Methods and Procedures
The following questians will help us gather informetion about the Flight School’s
training procedures and methods. Yarr irput will assist us in idetifyirg any
factors we should oonsider.

Using the scale provided, please indicate your level of agreament with each of
the following statements.

1. Stragly Disagree 2. Disagree 3. No Qpinian 4. Agree 5. Stragly Agree
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Ippendix (Continued)

8. The Flight School is open to student suggestions for improvement.
1 2 3 4 5

9. The Flight Sdxol staff is “isible” a a daily kesis to assist ne in nmy training.
1 2 3 4 5

10. The Flight School provides adequate instruction for my preferred tempo of

1 2 3 4 5

11. T would recruit ny friends and acquaintances to amplete their flight training
at the Flight School.

1 2 3 4 5
12. I feel safe flyirg with Flight Sdool staff.
1 2 3 4 5
13. The Flight School has clearly stated training dojectives.

1 2 3 4 5

D. Flight Instructors

14. The instructors use training time well.
1 2 3 4 5

15. Tre instructors are readily available for aonsultation with students.
1 2 3 4 5

16. The instructor seams to know when I don’t understand the material.
1 2 3 4 5

17. Tre instructor is well prepared for each flight training session.

1 2 3 4 5

Evaluation of Student Satisfaction
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Pppendix (Continued)

18. The instructor tells me how I will ke evaluated befare a flight.
1 2 3 4 5
19. The instructor sumerizes nejor points after each flight.
1 2 3 4 5
20. Tre instruction provided aotines to stimilate my interest in flight training.
1 2 3 4 5
21. I have had two or more flight instructors in the past 30 days.
1 2 3 4 5
E Aircraft Maintenance and Facilities

Trhe following questions will help us gather information abaut the Flight School’s

22. T have been delayed or denied flight training an two or more occasians in
the last 30 days due to a meintenance prablem with an aircraft.

1 2 3 4 5
23. I feel the aircraft are adequately maintained.

1 2 3 4 5
24. T feel safe flying in the Flight School aircraft.

1 2 3 4 5
25. Fligit School facilities are well maintained.

1 2 3 4 5
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Abstract

Teaching pilots judgment, decision-making, and critical thinking
involves teaching higher-order thinking skills. In few other settings
is the development of higher-order thinking skills more critical than
in aviation, where approximately 75% of all aviation accidents are
caused by pilot errors. This paper discusses the methods and strat-
egies for teaching higher-order thinking skills and the learning
theory supporting these methods. Teaching higher-order thinking
skills involves emphasizing methods and strategies for develop-
ing cognitive skills using problem-based learning. The instruction
must be student-centered, utilize authentic, real world situations,
active learning, cooperative learning, and be customized to meet
the individual learner's needs. Cognitive skills are learned like
other cognitive knowledge and should be based on cognitive and
constructivist leaming principles. Specifically, information process-
ing, knowledge structure, and situated learning theories underpin
the development and transfer of these skills. Improving higher-
order thinking skills will lead to better judgment, decision-making,
and critical thinking; hence, fewer aviation accidents.
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Teaching Pilots Judgrent, Decision-Meking, and Critical Thinking

In few other settings is the develomrent of hidher-arder thirking skills HOIS)
more critical then in aviation. In fact, “it is estimeted that agoradmetely 75% of
all aviation accidents are humen factars related” (Aviation Instructor’'s Handbook
(M), 1999, p. 9.8). Histarically, these accidents were reported as pilot ervor,
meaning an action or decision mede by the pilot was the cause of, or was a
axftribating factor which lead to, the accident @ATH, 1999, p. 9.8). “Teaching
pilots to meke sourd decisians is the key to preventing accidents” (ATH, 1999,
p- 9.9.

“Higher arder thirking skills are essential and must be taught. Recent findings
of cognitive research provide a better understanding of how people leam and
how they solve prdblems, from which new teaching strategies are emerging”
(Kerka, 1992). Effective methods for teaching HOIS are already in use in
disciplines autside aviation; understandably, their use in aviation will ccor anly
if the aviation comunity recognizes their value in inproving pilct judgrent training
ard in redxcing accidents. Teaching HOTS ef fectively irvolves engasizing higher-
order thinking strategies using prdblem-based leaming (PBL) instruction,
authentic, based on real world prablems, student-centered, active learning,
aoperative learning, ard customized instruction to meet the individial leamer’s
needs (Carr, 1990; Cotton, 1991; Howe & Warren, 1989; Kerka, 1992; Reigeluth,
1999) . To adopt these new teaching strategies in aviatio, a closer lock at the
leaming theories that support the development ard transfer of HOIS will be
requived. It also will be necessary to define HOIS ard to lodk at how they are
taught in aviation ard in other disciplines. This examination will begin with
definitions and a discussion about teaching HOTS.

Before an examination of the different leaming theories can be mede, a workdng
definition ard a clear understarding of HOIS are needed. Tt is generally acospted
that higher-order thinking skills are the coonitive process ard coonitive skills
irvolved in meking a rational decision an what to do or what to believe (Bmis,
2000) . In aotrast, acoording to Cottan (1991), there is no universally acospted
definition of hidner-arder thirkirng, crestive thirkirg, critical thirkirg, ar decisiay-
meking. Thomas and Albee (1998) asserted that “critical /creative/ amstructive
thinking is closely related to higner-arder thinking: they are actually inseparable”
(What is Higher-Order Thirking section, §9). Alvirno (1990) of fered a “Glossary
d Thinkirng-Skills Terms” which: “Are widely—though not universally—accepted
by theorists and program developers. [..] Bloan' s Taxonomy — categorizes
thinking skills fram the concrete to the abstract-knowledge, camprehension,
apolication, analysis, synthesis, and evaluation. The last three are considered
higher-order skills.” Thus, HOIS are analysis, synthesis, ad evaluation skills
(Alvino, 1990; Cottan, 1991; Reigeluth & Moore, 1990) .

Higher-order thinking skills include analysis, synthesis, and evaluation ard
they descrile the thinking skills used in judgment, decision-nmeking, and critical
thinking. HOIS are learmed in a similar fashion and are support by the same
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leaming theories. It seans realistic to examire the leaming theories as they
aollectively aply to aonitive skills. According to Reigeluth and Moore (1999),
Bloaw's higher-order thinking skills “are all taught through basically similar
methods” (p. 55). It should ke true also that, if HOIS are leamed through similar
methods, thus similar learning theories should support these methods.

Teaching HOIS in aviation and non-aviation settings should be the same;
however, the amrent guidance in aviation amits any references to teaching
cognitive gkills. With the exosption of the amitted enphasis in teaching the
cognitive gkills, they are the same phenarenon. Tn flight education, judgrent,
decisian-meking, and critical thinking are taught as asraautical decision-meking
(anv) , while they are taught as HOTS ocutside aviation. Acoording to Advisory
Circular 60-22 (r60-22) (1991) and AIH (1999), “AIM is a systematic aporcach
to the mental process used by aircraft pilots to amsistently determine the best
aourse of actim in respanse to a given set of ciraumstances;” cawversely, HOTS
are both the cognitive process and skills for deciding whet to do (Bmis, 2000;
Howe & Warren, 1989). The lack of guidance means cognitive skills typically
are rot ergesized in pilct training; thus, they are ot being taudht as effectively
as they ne=d to ke to reduce the rumber of pilot error accidents.

Traditiaslly, the literature in aviatio reflects the anission of any reference
to teaching or the develagorent of cognitive skills (Bell & Mauro, 1999; Buch &
Diehl, 1984; Deitch, 2001) . However, a rumber of authors have begun to present
ard discuss the value of teaching cognitive skills in additiom to the cognitive
process in ADM  (Cohne & Freeman, 1996; Comnolly, 1990; Jensen, 1988; Ryder
& Redding, 1993; Shebilske, Regian, Winfred, & Jordan, 1992; Wiggins, 1997).
Such reports raise an important concerm about why the current guidance and
training meterials do not reflect the nead to teach cognitive skills alag with the
cognitive process. While it aould be argued that higher-order thinking is far more
coplex than sinply determining where to land the airplane, the wderlying
gkills needed in meking decisions (analysis, synthesis, ard evaluation) are the
sare regardless of the carplexity of the prdblem or the setting. The issue in
aviatim is whether pilot judgment can ke inproved by entancing both the cognitive
process ard gkills. Tt is reasonable to conclude that the strategies and methods
used to teach these cognitive skills elsewhere must be adopted by the aviation
commnity to improve the pilot’s ability to meke good judgments and to gain the
meximum benefit of AIM training.

The Requirements for Teaching Thinking Sdlls

The requirament for teaching HOTS can be identified by examining the current
teaching methods ard strategies used in disciplines autside of aviation. However,
Qottan (1991) said, “There is ro ae best way to teach thirking skills” (Programs,
Strategies, ard Training are Inportant section, B). The research supports
instruction in meny specific skills ard tedmiques using various instructiamal
approaches to promote development and enhancement in thinking skills. To
foster the develaorent of thirking skills, the instruction redirection/prdoing/
reinforcement, asking higher-order questions, lengthening wait-time (Cotton,

Teaching Pilots Judgment

205



206

1991) . She drew this conclusion after reviewing 56 docurents, including 33
reports of research studies or reviews of which 23 were descriptive, theoretical,
or guidelines docurents or they were concerned with research in areas other
than the effectiveness of programs and practices. The implication from these
pepers is that any strategy or tedmique enployed to facilitate learning thinking
gkd11s can ke effective, if properly admninistered. These strategies irvolve egpging
the leammer in sare form of mental activity, examining that mental activity, ad
then dhallenging the leamer to explore other ways to acomplish the task or the
prablem (Landa, 1999) .

In otrast to the strategies recamended by ILanda, the AIH (1999) said
“the best way to illustrate this coospt [poor judgrent dhein] is to discuss
gpecific situatians which lead to aircraft accidents or incidents.a soeardio which
can e presented to students to illustrate the poor judgrent chain” (p. 9.8) . “By
discussing the events that led to this incident, instructors can help students
wderstand how a serdes of judgrental errors aotributed to the fimal ocutcore of
this fligt” (p. 9.9). This difference between the strategies offered by Ianda ard
the AIH is Ianda’s approach actively engages the leammer in mental activities,
examination, and evaluation, while the ATH divects the instructaor to illustrate the
poor judgrent chain so the pilot can passively understood. According to AIH
(1999) , “AIM training focuses an the decision-meking process ard the factors
thet affect a pilot’s ability to meke effective dhoices” (p. 9.9). Nevertheless, it
could ke argued that the scenario presented by the instructor will provide the
pilot with an example of how to solve this prdblem and this example could be
recalled later to decide what he or she should do to bresk a similar poor judgrent
chain. However, it does rot teach the pilot how to hardle unfamiliar ervor dains.

This is the critical difference between teaching judgrent in aviation and autside
aviation. In aviation, the werny scerarios are presented to the student pilct as
worked exanples demonstrating how the expert would solve a problem or a
series of prdolans. OQutside of aviation, this approach mey e referred to as
case studies. The difference would occur when the instruction cutside aviation
would include instruction and practice in applying these tedmiques to new
situatians. In other wards, teaching the leamrer to solve 111-defined, i11-struchared,
carplex prablems. This approach assures well developed analysis, synthesis,
ard evaluation skills, which ADM does not address while HOTS does. A closer
lock at teaching HOTS follows.

Teaching higher-arder thinking skills ef fectively irwolves custamizing the
examination arnd explaration of the mental activity to mest the individial leaming
needs of the leamer. Kerka (1992) said:

Leaming is characterized as an active process in which the leamer cm-
structs knowledge as a result of interactio with the physical and social
awvirament. Ieaming is moving fran basic skills and pure facts to linking
new information with prior knowledoe; fram relying an a single authority to
recognizing miltiple sources of knowledge; fram novice-like to expert-like
prablem solv-ing [ (Thomas, 1992)]. (What Strategies Develcp These Skills
sectin, 1)
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Howe and Warren (1989) added, “There needs to be a shift in many classes,
from a teacher-centered classroom to a student-centered classroom in which
students can be irvolved in collecting ard aralyzing informetion, paired prdolem
solving, cogperative leaming settings, similatians, ddoares, ad critical reporting
sessions” (What Does Research Indicate Regarding Teaching Crdtical Thinking
section, § 6). In addition to the approaches offered above, Ianda (1999) said
thet tlree strategies can e used to facilitate the leaming of thirking skills; they
are guided discovery, expository teaching, and a carbination strategy. Landa
(1999) described the guided discovery strategy as (a) giving the leammer a task ar
prdolan ard have tham perfarm it, (b) help the leamer famulate a method (Getailed
set of instructians) to follow to perform the tagk, (c¢) have the leamer examine
the mental activity, and then (d) dwallenging them to explore other ways to
accamplish the task or the prdblem. Teaching HOTS ef fectively irmolves
enphasizing HOTS strategies in PBL which includes prdblem solving-, case
study-, ard scerario-based instruction (Reigeluth, 1999). In addition, Cottan
(1991) said, “Educators are now gererally agreed that it is in fact possible to
increase students’ creative ard critical thinking capacities through instruction
ard practice” (Introduction section, § 9). Ristow (1988) and Presseisen (1986)
reiterate, students can learm HOTS, if schools will concentrate an teaching them
how to do so.

In contrast to the guidance provided above for teaching HOTS, the current
guidance for aviation amits any discussion of providing sinple to carplex or
aocrete to abstract soenarios. It also amits any guidance irvolving active
epoaratt by the pilot in leaming or in leaming activities ar in actually enceging
in prdolem solving or decision-meking. The guidance inplied an instructor-
centered leaming envirament uder the carplete aontrol of the instructor.®
also anits any irvolverent in aollecting ard aralyzing informetion, paired prdolem
solving, cogperative leaming, similations, debates, ard critical reporting. The
soenario-based instruction does not provide the pilot the opportunity to use
guided discovery or discovery learming when the pilot is encouraged to leam
anything beyad the agolication ard correlation levels of learming. Tre AIH (1999)
enphasized instead, leaming the decision process which it refers to as the
“DECIDE” model - (a) detect-the fact that a change has occurred, (b) estimate-
the need to comter or react to the change, (¢) choose-a desirable cutocore for
the success of the flight, (d) identify-actians which could successfully control
the dhange, (e) do-the necessary action to adapt to the dhange, ard (f) evaluate-
the ef fect of the action. According to the AIH (1999), “a prdolem is perceived first
by the senses, then is distinguished through insight and experience” (p. 9.11).
This inplied that the cognitive skills needed in ADM are learmned elsewhere or
through experience ard not learmed through instruction.

Before the apporopriate leamning theory is examined, the requivements for
facilitating the transfer of HOIS fram the instructianel setting to their ggolication
should be discussed. Trensfer of knowledge relates to first leaming and storing
information in long-term memory (LTM) ard then retrieving or recalling that
infametion from M in the goplication of thet infametion. The informetion irvolves
declarative knowledge (knowledge about things) and procedural knowledge
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(knowledoe about how to do things) (Clark, 1999) . Critical in the leaming setting
is avoiding inert knowledge; that is, knowledge that is leamed and carmot be
recalled later Avoiding inert knowledoe typically irvolves relating infometion to
the ervirament where the knowledge is to be applied ard falls into either near-
ar far-transference (Rlessi & Trollip, 2001; Clark, 1999) . Near- ard far-transference
does not deperd an the instructional model, but rather an the nature of the
prdolem, scenario, or case presanted. Developing authentic and realistic pradolens
in the leaming setting with very similar ciramstances to those ocorrring in
aviation will prawote near-transfer. Near-transfer teaching methods involving
practicing or drilling step-by-step procedures may be used because there is
little variance in the goolication of the procedre. Tn catrast, far-transfer teaching
methods may be needed in other almormal or erergency situations, particularly
when ill-structured, ill-defined conplex prabolems are irvolved ard where the
pilot must use extensive judgrent, must use a different approach, or there are
o set steps or set procedire established. According to Clark (1999), “use
schema-based instructianl models to teach far-transfer tasks including prdolem
solving tasks that (a) use a schama-based training design, (b) provide varied
context examples and prablems, and (c) teach related process knowledge.”

The transference of knowledge fram the leaming ervirament to its practical
application is not a separate prablem fram the leaming and application of HOIS.
It is the prdolam addressed in the literature in teaching HOIS. That is, leaming
the coonitive skills underlying the decision-meking process in a learmning
envirament so they may be recalled from LTM ard applied when an 111-defined,
ill-structured, corplex pradblem-solving situation occcurs in aviation is the
instructional challenge besetting the developrent of HOIS. The learning
requirements discussed above about teaching HOIS are the near- and far-
transference dullenges in learmirg.

Leaming Theories Supporting Thinking Skills

Now that the definition, relationship, and requirarents or the “what” side of
the teaching issue have been addressed, it is time to consider how HOIS are
leamed. In other words, whet leaming theories explain how higher-order thinking
gdlls are leamed? Again, this is important because for teaching methods to be
effective they must e based an leaming theory @lessi & Trollip, 2001: Camedgie,
2002; Reigeluth, 1999) . After a brief overview of the behavioral, cognitive, ard
amstructivist lesming principles ard a disaussion of their ability to sugoort the
requirements of teaching HOTS, specific learming theories supporting these
instructiawl strategies arnd methods will be discussed. To this ed, Alessi and
Trollip (2001) said, “mo wniversal agreament exists an how learming occurs. How
psydologists have viewed the principles of learning has changed significantly
throughout the 20% catry” (p. 16) . Driscoll (2000) said:

Degpite the differences among the learning theories.they do share some
kasic, definitianl assuptians about leaming. Fivst, they refer to leam-
ing as a persisting change in humen performance or performance poten-
tial. This means that leamers are capable of actians they could not per-
form kefore leaming coourred ard this is true whether or not they actually
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have an opportunity to exhibit the newly acquired performence.. Second,
to be considered learning, a change in performance or performence po-
tential must care about as a result of the leamer’s experience ard inter-
action with the world (p. 17).

The persisting change in humen performence or performence potential
resulting from the leamer’'s experience and interaction with the world can be
explained by behavior, coonitive, or amstructivist leamirng theories or a
aobination of ane or more of these theories ard the specific leaming theories
within these theories.

Behavioral

Behaviorism appears to have been built on the foundation begun by
Edbinghaus’ verbal leaming experiments and the work of Pavlov and Thormdike
(Driscoll, 2000). In fact, according to Driscoll, Hdboingheus is credited with
ughering in a new era of interest in the study of leaming, when he begen
experimenting with the notion that if ideas are camected by the frequency of
their association, then leaming should be predictable. Thormdike, an the other
hard, believed sensation and impulse, rather than ideas association was
important. This led Thondike to propose the Law of Effect. Mearmhile, Pavlov’'s
experinents led to classical conditioning. These early works formed the
groundwork for Skimer’s radical behaviorism. Skimer’s work refined and
demmnstrated that a particular pattemn of reinforcement or punishment resulted
in different rates of leaming or degrees of retention, based an the principle of
association, Iew of Effect, classical conditioning, arnd operant canditioning.
Central to this thare is the kelief that leaming is always an doservable change
of behaviar ard it is a result of camecting certain respanses with a given stimili
(Alessi & Trollip, 2001; Behaviorism, 2001; Carbenell, 2001; Huitt, 1997; Mgy,
1997; Qperant Conditioning, n.d.; Operant Conditioning, 1996) .

The behaviorist leaming theory “weintains that leaming should be described
as chenges in the doservable behavior of a learmer mede as a firxction of events
in the ervirament,” (Alessi & Trollip, 2001) ard it includes Pavlov's classical
aaditioning. According to Alessi and Trollip (2001) :

The basic principle of classical caditioning is that repeatedly pairing a
neutral stimilus with a matural stimius (e thet elicits a ratual re-
spanse) causes the neutral stimilus also to elicit the response. The im-
plication is that humens leam mery behaviors because of their pairing
with basic humen needs and respanses, such as the need for food, sleep,

reproduction, ard the like (p. 18).

When classical caditioning is coupled with geerant caditianing, the use of
rewards and punishments, the behavior modification can be more efficient and
effective. Criticism of this approach argued it ignores important undoserveble
agpects of leaming (such as thirking, reflection, mencry, ard notivaticn) (Alessi
& Trollip, 2001).
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Decades of learmning research has demonstrated that classical and oper-
ant conditioning principles do not predict all leaming autaares. Theories
of motivation, menory, trarsfer, ard the like have prawted instructicamal
methods that behavioral techniques would not... The ocutcomes of educa-
tion and training must include more that just leammer achievement. They
must include leamer satisfaction, self-worth, crestivity, ad social val-
ues.. Pecple must be adaptive and lifelong leamers, must have the aon-
fidence necessary to change with their envirament, and must be able to
work collaboratively with others.. These goals are values were nerginally
recognized by behavioral approaches to education.. Behavioral principles
such as positive reinforcement, corrective feedoack, and spaced practice
are aporapriate in interactive [settings] (Alessi & Trollip, 2001, po. 36-37).

Traditiaelly, the behavioral principles have been used to explain how aviators
leam various flight procedires including respomses to darging flight caditians,
anormal and evergency situations. If HOTS are to be taught in the future to
enhance pilot judgment, then undbservable behavior or cognitive leaming will
need to be arployed, in addition, to this traditiawl agoroach.

Cognitive
gInomtrast to the behaviorist view that leaming affects doservable behavior
aily, cognitive leaming theory irvolves the mental processes of leaming. That
is, ocognitive learming “places enphasis an the undoservable constructs, such
as the mind, memory, attitides, motivation, thirking, reflectim, ard other
presured intermal processes” (Alessi & Trollip, 2001; Goonitive Ieaming Theory,
n.d.; Gognitive Leaming Theory Tems, n.d.; Infometion Processing Theory, 19%) .
Aooording to Driscoll (2000),
In cognitive informretion processing view, the himen leamer is conceived
to e a processor of information in much the same way a corputer is.
When leaming occurs, information is imput from the envivament, pro-
cessed and stored in memory, and ocutput in the form of sore leamed
caeebility (p. 76) .

The cognitive learning theory addresses the process occurring inside the
leamer’s mind ard the intermal processes of leaming (Reigeluth & Moore, 1999;
Alessi & Trollip, 2001) . According to Alessi and Trollip (2001, p. 19) : “CQoonitive
psychology places emphasis on unobservable constructs, such as the mind,
memory, attitides, motivation, thinking, reflection, ard other presumed intermal
processes.” Cognitive learning is dominated by the information-processing
apprcach. “The areas of cognitive theory that are most inportant to [instructiael]
design are those relating to perception arnd attention, encoding of informetim,
memory, coprehension, active leaming, motivation, locus of cotrol, mental
mockels, metacognition, transfer of leaming, ard individual differences (Brdersm,
1980; 1981; Anderscon, 1977; Berger, Pezdek & Banks, 1986; Bower & Hilgard,
1981; Gagné, Yekovich, & Yekovich, 1993; Kozma, 1987)” (Alessi & Txdlip
2001, p. 20). Cowersely, “the cognitive approach has udervalued the powerful
principles of reinforcement. Cognitive educators spoke of collaboration,
comunication, ard transfer.. [out] they did not do a very good jdb of translating
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such principles into practice in the leaming erviraments they created” (Alessi
& Trallip, 2001, p. 37).

Coonitive leaming principle effectively describes most of the leaming issues
missed in the behavioral learning. They seam to sugport the HOTS requivements;
that is, a mixture of cognitive ard behaviaral principles will need to e used. The
aoonitive leaming principles support the cognitive skills overlocked by the
behaviorist, while the procediral respanses taught in respanse to various stimili
are effectively sugported by the behavioral principles. Nevertheless, there are
sore requirements for teaching HOTS that are better explained by the
axstructivist lesmirng principles. Therefare, the amstructivist lesming principles
must also be discussed before examining the strengths and weaknesses of the
behavioral and cognitive approaches.

Constructivist

The anstructivist agoroach, o the other hard, asserts, “Leaming is a process
of paple actively axstructing krowledoe, where traditiarl instructiasl methods,
such as memorizing, demonstrating, and imitating, are considered incarpatible
with the notion that leaming is a process of anstructiay” @Alessi & Trollip, 2001,
p. 32). According to Reigiluth and Moore (1999), the following principles or
suggestions typically are promted as ways to accorplish the goal of allowing
leamers to actively canstruct their omn knowledge:

a) Hrpghasize learning rather than teaching. (b) Emphasize the actions
ard thinking of leamers rather than of teachers. (c) Ewhasize active
leaming. (d) Use discovery or guided discovery aporoaches. (e) Encour-
ae leamer omstruction of informetion and projects. (f) Have a foudatioan
in situated cognition ard its associated notion of andhored instruction. ()
Use cogeerative or collaborative leaming activities. (h) Use payposeful or
authentic leaming activities. (i) Enhesize leamer doice and negotiation
of goals, strategies, and evaluation methods. (j) Encourage persanal au-
tanany an the part of lesmers. (k) Sugoort leamer reflection. (1) Sugport
leamer ownership of leaming and activities. (m) Encourage leamers to
accept and reflect an the caplexity of the real world, ard. () Use au-
thentic tasks and activities that are persaally relevant to leamers (Alessi
& Trollip, 2001, p. 32).

Furthermore, amnstructivists maintain that traditicnal methods [tutorial and
drill instruction] produce knowledoe that does not transfer well ar inert knowledoe.
They suggested that methodologies such as hypermedia, similation, virtual
reality, and gpen-ended learming ervirament are of more benefit to leammers,
allowing them to explore infomatio freely, aoply their omn leaming styles, ad
use software as a resource rather than as a teacher (Alessi & Trollip, 2001) .

Growing research evidence indicates that constructivist methods work
better anly for leamers with well-develgoed metacognitive skills. Sare
evidence also indicates that omstructivist tedmiques are very time am-
sumirg. ... Constructivist tecdhniques are good for sore types of leam-
ing, sore situations, ad sare leamers, hut not all (Alessi & Trollip,
2001, p. 39).

Teaching Pilots Judgment

211



Strengths and Weaknesses of Behavioral, Cognitive, and Constructivist

Tt ageears the bdhaviaral principles do little to sugoort the leaming requirarents
of the cognitive gkills elamatt of higer-arder thinking. However, HOIS are defined
as both the cognitive process ard the cognitive skills irvolved in meking a ratiasl
decision on what to do or what to believe (Brmis, 2000) . Therefore, when the
cognitive process portim of this definition is ansidered, behavioral principles
support the prooedires that are carried aut as a response to a stimilus. In fact,
most of the current normal, abnormel, and emergency procedures (cognitive
processes) training in aviation are conducted using the behavioral principles
with extensive use of positive reinforoament, corrvective feedback, and spaced
practice (ATH, 1999) . While mary normal, alnormal, and emergency situations
can be taught and practiced ef fectively, many more situations cammot be
anticipated ard taught; thus, the aviator is also reguired to employ cognitive
gkills in many situations where he or she was not gpecifically trained nor had
previously experienced. Understandably, behavioral principles do nothing to
explain how the coonitive skills are learmed when either wanticipated or miltiple
respanses are required, possible, and aporopriate; in other words, when the
pilct is faced with 111-defined i11-structired corplex prdolens.

Behaviaral principles do not adequately address the transfer of learming prdolem
ocaurring between the training setting and the goplication of decisian-meking in-
flignt. Behaviaral principles would produce near-transference leaming that could
be applied in aviation; in fact, normal, some albnormal, and sore emergency
procedures have been taught effectively where an identifiable stimilus (system
malfunction) resulted in a set procedure response. However, the extensive
Judgrent and prdolem-solving skills aoupled with the lack of doservable behavior
ard the cognitive nature of far-transference means the behavioral principles do
ot syt it.

Consequently, the ramining discussians in this sectim will foous an coonitive
ard anstructivist principles, because these leaming theories appear to suppoort
ard explain the leaming of the cognitive skills elanent of HOIS. Irdesd, Reigeluth
ard Moore (1999) said, “coonitive learning theory has contributed the most to
understanding how best to teach ard test this type of leaming [higher order
thirkirg gdd11s]” (. 55). Additiawlly, the points of fered by Driscoll (2000) and
Perkdins (1991) are worthy of mote; thet is, “there is mo single amstructivist
theory of instructiay’ (Driscoll, 2000, p. 375) ard:

Constructivist theory rests on the assumption that knowledoe is am-
structed by leamers as they attenpt to make sense of their experiences.
Ieamers, therefore, are not enpty vessels waiting to be filled, but rather
active organisms seeking meaning. Regardless of what is being leamed,
constructive processes operated and learmers form, elaborate, and test
cardidate mental structures until a satisfactory ane emerges (Perkins,
1991a, p. 376).

Driscoll helped clarify Alessi and Tidld s accoant of the aonstructivist theory .
The cognitive and amstructivist leaming theories provide a basis for grording a
wide range of instructianal designs which sugport all leaming situations where

212 International Journal of Applied Aviation Studies



the coognitive gkills are taught. Ieaming theories provide a theoretical basis for
the instructiaml designs and provide insight into what the instructiaal design
needs to do to prarote effective leaming. The strengths and weaknesses of the
lesming theory uderpiming the instructiaal design will affect the effectiveness
of the leaming. Therefore, examining the specific leaming theories sugporting
HOTS is necessary to gain a complete understanding of the development and
transference of cognitive skills supporting HOIS.

Specific Learning Theories Supporting HOTS

Coognitive research has shown the leaming of HOIS is not a change in
doservable behavior but the construction of meaning from experience (Jomson
& Thamas, 1992; Thomes, 1992) . This implies the constructivist theory provides
the best sugport of higher-order leaming. Thames’ 1992 agsertion that there are
three types of coonitive theories ypm which teaching strategies should be based
has gone unchallenged. According to Thomas (1992), these three coonitive
theories are (a) informetion processing theory, () knowledoe structhure theordes,
ad (¢) social histary theary. However, Clark (1999) pointed ot thet while individsl
mesning aastruction facilitates thinking skills, there is little sugoart for building
a commn set of knowledge and skills among learners in constructivist
instructianl designs, “the uniqueness of amstructed knowledoe is adknowledged”
(p. 181). Ttus, the procedural task and the stimilus-response support of the
behaviorism and the information processing theory of the cognitive theory are
required alag with the anstructivist theory to sugport fully the develgorent of
HOTS.

Tre information processing theory explains how the mind takes in informatim,
knowledge structure theories depict how knowledge is represented and orcanized
in the mird, and social histary theory explains the vital role of adltiral cotext in
the develaomartt of individial thinking. Because, the social history theory explains
the develaomat of individiel thinking as it may aoply to ae’s social regpasibility
and it addresses the role of previocus schema in long term memory (Thomas,
1992) ; therefare, the role of aultural aotext provides a better explanation for
meking a ratioal decision an what to believe rather than for what to do. Iave’s
situated leaming theory should be used in aviation. Iawve’s situated leaming
theory recognizes the role of previcus schema, the schama’s affect an learming
new knowledge, how knowledge needs to be presented and learmed in an authentic
axtext. Tt pays pertiailar attention to the settings ard agplicatians that nomelly
imvolve that knowledge and how leaming requires social interaction and
oollaboration as well (lave, 199%) . Thus, the situated leaming theory is better
suited to explaining and supporting leaming of HOIS.

Tre first two cognitive thearies, infametion processing ard knowlede structure
theories and amstructivist theory, situated leaming theary, collectively sugpart
the leaming activities discussed in the begiming of this section ard provide the
theoretical uwderpimings of teaching and leaming thinking strategies (Bell &
Mauro, 1999; Carr, 1990; Cottan, 1991; Diehl, 1991; Kerka, 1992; Peirce, 2001;

Flitter, 1995) . Hence, they are the principal leaming models that support the
instructional methods ard teaching strategies discussed as requirvements of
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teaching HOTS above including guided discovery, expositary, problem-based
leaming, similation, tutarials, teambuilding, redivection, prdoirg, reinfarcament,
ard high-order questions approaches to leaming. These learmning models provide
a dhoice of theoretical foardatians uom which instructiawl designs for different
leaming settings can be based ard range of learming models the instructor may
chose from to custamize the instruction to the individual leamer’'s needs.
Furthemore, they provide a starting point for addressing the leaming models or
thearies ard their role in facilitating the leaming of HOIS.

The strategies for teaching HOTS discussed in the previcus section employ
the sare leaming theories used in acguiring other cognitive skills. The leaming
thearies sugparting leaming cognitive skdlls are it either cognitive ar castructivist
rather they are fram both. In sore situatians the leaming process is driven by
information-processing which emphasizes perception and attention, encoding
of information, memory, canprehension, active leaming, motivation, locus of
amtrol, mental models, metacoonition, transfer of leaming, and individual
differaes. In cder sitatias, the process will ke driven by individsl axstruction
of meaning, situated leaming, and collaborative leaming.

Unanswered Questions

Many questions about learning and teaching HOTS remain. These questions
are:

- Will improvements in HOTS improve pilot judgment and eliminate pilot-
error type accidents in general aviatian?

- Does decision-meking require domain specific knowledge to be learmed
to the higher-arder thinking levels of learming?

- Should the exploratory instructicnal method be used in aviation?

- What is the appropriate mix of learning theories needed to learm HOIS
efficiatly ad effectively?

Indeed, will inproving the underlying HOIS improve pilot judgment and
decision-meking ard subsequently result in a reduction of pilot-errors ard the
general aviation accident rate? To answer this question, additiamal research is
needed. This is the next step in an on-going research project being conducted
ina jairt ef fort among the FAA, industry, and two mejor aviation wniversities.
However, befare this research can ke dae, ef fective methods for teaching HOTS
reed to be idatified ard ggplied. This paper was limited to identifying the teaching
methods ard strategies that should e used to improve AIM training to determine
the leaming requirements. Other papers will need to answer this questim.

Next, is judgment and decision-meking a direct result of leaming knowledge
at the higher-arder thirking levels? Typically, the literature addressed judgrent
ard decision-meking as a cognitive process arnd cognitive skills exospt in the
aviation literature. HOIS are damain specific, based on knowledge within that
dorain, and not easily generalized to other domins. Furthermore, it suggested
leaming within the domain is enhanced when thinking strategies are taught with
subject oontent. These are subjects worthy of additional research and would be
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inmportant in a mmber of areas where judgment and decision-meking abilities
are inportant in reducing risk ar where ratiawlly deciding what to do is inportant.
Agpin, these subjects are beyard the soope of this paper.

Can the exploratory method of instruction touted by the aostructivist as the
most effective way to facilitate individual meaning mekirng be used effectively in
aviatiar? Tre literature of the explaratory method said thet the explaratory method
is ot well suited to settings where stardardization ar specific aotent is required,
because the geecific aatteant selected for learming nust aatrolled by the leamer’s
desires ard will likely anly include the amtent the learmer wants that meets the
individual goals and needs (Clark, 1999) . The explaratory method will likely have
limited goplication in pilct training in favar of the quided discovery ar other more
regimented instructicnal approaches such as prablem-based learmning. In other
wards, the quality of individsl learming can be realized, while ensurdirg all desived
outaores are meeting the requirenents of aviation. Clark (1999) suggested it is
anly “appropriate when a specific predetermined set of knowledge ard skills is
ot an essential autaare.”  (p.180) . In aviation, a specific predetermined set of
knowledoe ard skills typically is amsidered an essential outoare; tlus, it is
ulikely this method will ke used significantly or beyad a supgporting role in

Firelly, what is the appropriate mix of leaming theories and conospts needed
to facilitate efficient and effective leam of HOIS? This comperisan does not
provide an instructiamal design for teaching HOIS in aviation; thus, it dees not
answer this question. Until the research establishes the value of teaching HOTS
in reducing accidents by improving judgrent and decision-meking skills, research
on meximizing the learning should be delayed. Again, this questio is beyond
the soope of this comparism.

Conclusion

The cognitive skills needed to meke good judgments and decisions are
teachable. The aviation camunity needs to incorporate the instruction of these
gkills into its aeranautical decision meking training to reduce the rumoer humen
factors caused accidents. Cognitive skills are being taught cutside of aviation
as HOIS ard they are taught by integrating thinking skills strategies in
conbination with other learming activities. In other words, to enhance judgrent
and decision-meking abilities, the leamer must inprove his or her HOIS. They
can be taugt effectively ard efficiently with instructiawl designs, which sugoort
the specific requirements of teaching the strategies and methods used in these

The requirements for teaching HOTS are instructional approaches designed
to prarcte develgorent of thinking skills including specific mental cperatians,
redirection, probing, reinforcement, asking higher-order questions, and
lergthening wait-time. Alag with emphasizing higher-order thinking strategies
that include engaging learmers in sare form of mental activity, examining that
matal activity, dhallenging the leamer to explore other ways to acconplish the
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task or solve the pradbolem, and then having the leamer determine which way is
best. HOTS also irwvolve custanizing the examination and exploration of mental
activity to meet the individual leaming needs in an active process, amstructing
knowledoe as a result of interaction with the physical ard social enwvirament in
student-centered classroans where students are irwvolved in collecting and
aralyzing information, paired prdolem solving, cocperative learming settings,
similatians, ddoates, and critical reporting sessians. These strategies could be
guided discovery, expository teaching, or a corbination strategy presented in a
PBL design.

The transference of knowledge fram the leaming ervirament to its practical
application is not a separate prablem fram the leaming and application of HOIS.
It is the prablam addressed in the literature for teaching HOTS. That is, leaming
the ocognitive skills uderlying the decision-meking process in a learmning
envirament so that they may be recalled from LM ard applied when an 111-
defined, ill-structired, corplex prablem solvirg situation coorrs in aviatio is
the instructional challenge besetting the develogrent of HOIS.

Near-transfer teaching methods irvolving practicing or drilling step-by-step
procedures may ke used because there is little variance in the application of the
procedure. For exanple, in an aircraft anormal or emergency situation, where
1o real thoght is required to hardle the situation ard a sinple “weintain aivcraft
aatral, idatify, vedfy, and then aoplete the appropriate checklist” will do. In
contrast, far-transfer teaching methods may be needed in other alnornmal or
arergecy situatians, perticilarly with ill-structured, ill-defined, ard carplex
praolems where the pilot must use extensive judgment, must use a different
approach, or there are no set steps or set procedure in deciding what to do.
Developing authentic and realistic prdolams with very similar circumstances to
those ccarring in-flight will prowote near-transfer. On the other hand, when
praolems have sarewhat different circumstances, judgment, or unique prablem
solving is required, then training methods are needed to pravote far-transference.
The training methods to prarcte far-transference include begiming with near-
transference type prablems, progressing toward more abstract and corplex
prdblears, ard finally, contimuously relating each prdblem to the ervivament
where these 111-defined, ill-structured, and coplex prdolams will e encomntered.

How HOTS are learned can be explained ard sugported, in part, with a blend
of leaming theories including behavioral, cognitive, and omstructivism. The
behavioral leaming theory sugoorts learming the mental process ard the prooediral
processes employed in normal and in the typical abnormal and emergencies
situations. However, the behavioral leaming theory provides little sugoort to how
i11-cdefined, ill-structred, ard conplex pradolem solvirg is leamed. These prdolars
are better explained with learming theories that sugoort cognitive learming, ramely
coonitive and aonstructivist theordes.

In sare situatians the leaming process is driven by information-processing

which enphasizes perception and attention, encoding of information, memory,
corprehension, active learning, motivation, locus of control, mental models,
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metacoonition, transfer of leaming, and individuel dif ferences. Moreover, indler
sittariass, the process will be driven by individel axnstruction of mesnirg, situeted
leaming, ard oollaborative leaming. Hence, mixing instructianal designs that
are based an different leamning theories should allow the educator to take

adventage of the strengths of each learmning theory and enhance the develgoment
ard transfer of the cognitive skills beyad any single based desion.

Enhancing the develooment ard transfer of HOIS is influenced by the leaming
theories’ ability to accomwodate the requirements of teaching these gkills.
Cognitive gkills are learmed like other cognitive knowledge and should be based
m cognitive and amstructivist leaming principles. Specifically, infometion
processing, knowledge structure, and situated leaming theories underpin the
development and transfer of these skills; thus, they prarote the develooment
ad transfer of the necessary thinking skills needed to solve ill-defined, ill-
structured, conplex prablems.

This paper suggested that pilot judgment, decision-meking, and critical
thinking could ke taught by teaching higher-order thinking skills. Higher-order
thinking skills are taught by emphasizing the methods and strategies to teach
coonitive ekills with prablembased leaming instruction. Qoopitive gkills are
leamed like other cognitive knowledge arnd should be taught from sinple to
carplex and fram ooncrete to abstract. The paper did not elaborate an prdolem-
basad leaming instructiaal designs, which is the suoject of subsequent pepers
o inproving pilot thinking skills. The paper attenpted to establish that the
methods and strategies used in teaching higher-order thinking skills could be
used in aviation to teach pilot judgrent, decision-meking, ard critical thinking.
Improvearents in thinking skills should lead to reducing the mmber of aviation
accidents by reducing the mrber of pilot bad judgments.
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Type Indicator (MBTI) preferences of college students, specifically
aviation majors and business majors. Another aspect of the re-
search compared the preferences of aviation Professional Pilot
undergraduate majors with the preferences of Aviation Manage-
ment undergraduate majors. The findings of the study revealed
that the ESTJ aviation management students and the ESTP pro-
fessional pilot students share three of the four preferences. Al-
though the two groups of students have much in common, the
single letter of difference could have meaningful implications for
aviation instructors in developing effective teaching and leaming
strategies in the classroom.

Introduction

In effective instructiawl strategy is often essantial to leaming retentim,
egpecially in the aviatio classroom. Student leaming in the aviation ewirament
with its rumercus subspecialties and associated carplexities is affected by
not anly the wique persawrl preferences ard attitudes of students, but also
their individual respansiveness to instruction which may be contingent upm the
preferences ard style of the instructor.

W oods (1993) suggested that Bloom' s taxonomy, Rerry’ s model of attitude
toward learming, and Myers-Briggs Type Indicator (MBII) typology be corbined
to enhance current ard future teaching/learming strategies targeted toward a
gpecific adience. Based an that aporoach, an understanding of aviation student
MBIT preferences might be the logical place from which to lanch future inquiry.
Nurercus studies of the MBIT with students in other occupational specialties
such as engineering have been helpful in uderstanding the impact of career-
gpecific preferences an leaming (Thares, 1998) . If research sugoorts the notion
that there is a tendency for persans with the same MBIT type to exhibit similar
career interests, MBIT preferences could serve as the scaffolding for a slowly
evolving mosaic of the aviatiom student. Aviation instructor preferences and
associated instructiaal strategies carbined with knowledge of aviation student
preferences could offer valuable inplications for academic professianls in the
field 2n early effort to examine MBIT preferences of aviation students at
Oklahare State University (0SU) produced sare interesting preliminary findings
in thet recard.

Statement of the Praoblem and Purpose

The MBIT reneins ane of the most widely used irventories in meny professions
and occupational settings and has treditionally focused on education and
conseling (Lauderdale & Thomas, 1994) . However, at this poirnt it has ot been
as widely used in the field of aviation educatio to individualize leaming ard aid
classroom instructors in this highly volatile field. There has been sare foous an
leaming styles ard even preferences of aviatiom students in such fields as crew
resource management. However, an overall inventory of aviation student
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preferences using the MBIT across aviation subspecialties potentially offers
valuable insight for acadamic professianls. 2n inproved wderstanding of the
moderm aviation student across a variety of dimensions including the way they
focus attention, the way they take in information, meke decisians and orient
themselves to the envirament may be inmportant to aid in improving classroom
instructic\l tedmiques. That uderstanding also sets the stage for further
research with other reliable instrurents in arder to put tagether a clearer picture
of the aviatiom student and those strategies that would nmost effectively engage
them in meaningful leaming experiences.

Psychological Type Theory and the MBTT

The MBIT is based in part on the concepts of psychological type developed
by Jurg ard the later work of Briggs and Briggs-Myers. The Myers-Briggs Type
Tndicatar, or MBIT as it is most comonly called, and the acranyms associated
with its 16 persaality types have becore familiar to merny as a way of examining
preferences ard dif ferenoes inpaple. A sirgle type is aoprised of a aabination
of far preferences identified by the MBIT as follows: (B) far Extravertion o () fx
Introversion used to descrike how pecple cain their energy;  (S) for Sensing
) for Intuition used to describe how pecple take in informetion; (0) fx Thinking
a (B fx Feeling describes how pecple meke judgments or reason; and (J) for
Judging ar ®) fx Perceiving which deals with attitude and how pecple orient
thamselves to their envirament. Each of the separate types has o significance
pertaining to good or bed qualities, but does have significance in terms of
differences in preference which can have significant meaning for educators as
do the varicus aabiratians in their inplications for classroon teaching strategy
(Myers, 1991).

Cklahoma State University Aviation Student Preferences

In attempt at wderstanding MBIT scores of aviation students began in 2003
with a srell study of the MBIT scores of students enrolled in the Professiamal
Pilot undergraduate degree cption and students enrolled in the Aviatim
Management undergraduate degree option at Oklahoma State University. The
preliminery findings of thet study indicated thet there was 1o significant differance
between the aviation menagement ard pilot training students on focusing
attention, informetion taking, decision meking, and ewvirament orientation
imdicatars (see Tablel). The OSU study represented a sample of 118 aviation
students from a small population of 176, which were randomly selected from
aviation meragarent ard professianal pilot classes. It wes the firvst in a serdies
of sanples to be aollected from aviation student populatians. Although the data
represented anly an early begimming of much needed long range research, the
preliminary data indicated that aviation students in both mejor gptians hed similar
dominent preferences with anly slight difference in the ewiramental orientation
indicatar . Although the significance of those findings will ke known anly after
much more extensive research, the tentative inplications are interesting and
somewhat enlightening.

Meyers-Briggs Type Indicator (MBTI) Preferences
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Table 1

Relation between Aviation Students’ Major and MBTI-Focusing Attention Indicator

Major/EI Extraversion Introversion Total
Management 30 24 54
Pilot 35 29 64
Total 65 53 118

X27.0089, df=l, p=.92

The overall dominant MBIT type of the professional pilot mejors was ESTP
(Extroversion, Thinking, Sensing, Feeling), cowpared to ESTJ (Extroversion,
Thinking, Sensing, Judging) for aviation menagement students. The dominant
indicator of how aviation students of both major optians focus attention was
Extraversion, regresenting well over 55 percent of the respandents for both mejor
ootians. The dominant indicator of how aviation students of both gotians take in
data was Sensing, once again representing over 55 percent of the students
sampled. The decision-meking preference indicator of aviation management
students was 57 percent Thinking, vhile the pilct indicator was 64 percent
Thinking. Tt wes the enviramental orientation indicator thet showed a slight
difference in that appraxdmately 52 percent of the aviation menagenent students
used Judging as their domirent preference, carpared to 59 percent of the pilots
who used Perceiving as their dominant preference.

Tnplications of Preliminary Findings of Aviation Student MBIT Profiles

The preliminary findings of this study pointed to the possibility that nodem
aviatiom students, regardless of major gptian, mey prefer to foous their attention
ard fird energy in things ard pecple.  2s Extraverts, they prefer interaction with
others ard are actim oriented. The Center for Applications of Psydhological
Type ((PT) reported thet the nejarity of university faailty are Infroverts preferrirg
to fird energy in the imer world of ideas, concepts and dostractions (Brightmen,
2003). Teachers of an goposite dominant preference may struggle with allowing
gooartinities far Extraverts in the classroom to utilize discussion ard possibly
provide ggportinities for students to explain it to thamselves ard others in an
e fort to ensure that they uderstard the meterial. Teachers might consider
providing goportinities to wark in graups, either inside or autside of class. It is
important to recognize that even thouch Extraversion may be the dominant way
aviation students process data, the remaining 44 percent of the students prefer
Introversion and need sore intermal processing time to comect material and
see the larger picture.

Table 2

Relation between Aviation Students’ Major and MBTI Information Taking Indicator
Major/SN Intuition Sensing Total
Management 24 30 54
Pilot 28 36 64
Total 52 66 118

X270.0057, df=1, p=.94
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Aviation students in the OSU study were predaminently Sensing in tret they
preferred to take in infamerion through their senses. This is ansistent with the
general population of students in other fields in that CAPT data irdicated that
the mejority of undergraduates are Sensing students. On the other hard, the
mejarity of wiversity faailty 211 into the Intuitive category (Brightmen, 2003 )

Sensing students like detail gleared fram their senses, while Intuitive students
lock for the big picture ard watch for pattems ard relationships. It is inportant
to teach students how to relate material to previcusly leamed material by
carparing and ctrasting to real-life prcblems or cases. [ntuitive students
reed that lirkege but Sensing students can also leam to agoreciate it. The
tools nesded far Intuitive types are helpful to both (Myers, McCaulley, Querk, &
Hammer, 1998).

Tre preliminary results of this initial study at OSU pointed to the possibility
that aviation students across the board are more  Thinking ariented then Feeling.
They prefered to meke decisions impersonally based on analysis and logic,
while Feeling students prefer to make decisions based on emotion or human
values and needs. CAPT data bases indicated that the mejority of wniversity
faculty also have preferences faor Thinking. In this ae dimension, the dominant
preference of student ard faculty are similar (Brightmen, 2003) .

Table 3
Relation between Aviation Students’ Major and MBTI Decision Making Preference
Indicator

Major TF Feeling Thinking Total
Management 23 31 54
Pilot 23 41 64
Total 46 72 118

X?= 0.5453, df=1, p=.46

Thinking studerts like clear, practical dojectives, while Feeling studerts like
grogp ard team activities. Although there is a clear dominance in this dimension,
it is important for instructors to ravenber that the Feeling students need some
group ard team activities for meaning ard retention. It is inmportant also for
Thinking aviation students to ke exposed to the values ard feelings of pacple in
order to raise awareness of the emotiaal side of aviation.

One of the dominant carplaints from aviation leadership in the Kutz (1998)
study was that students leaving the educational arena come with weak
aamnication skills ard interpersanl skills. Aviation students often are quite
cardid that they just want to fly and often do not recognize that their tedmical
background must include team and comunication skills - even in the air. Rx
this reason, crew resource management classes have become required
curriculum in most aviation academic ard training eviraments. Requiring
Thinking students to conduct interviews or work in teams to solve problems
necessitates that they apply both knowledge and wderstanding of humen values

Meyers-Briggs Type Indicator (MBTI) Preferences
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to a partiadlar prablem or exercise. They leam to deal with both logic and
sojective feeling ardentatians that they will ultinetely face in the real world.
Students must learn that decisions are not always best mede using logic but
mey require amnsideration of the feeling and experiences of others.

It wes in their orientation to the ewirament that aviation menagarent,
students and professional pilot students parted company somewhat. One of
the surprises of the preliminary findings of this study wes that the mejority of
aviation menagement students were Judging or decisive and deadline oriented,
while the mejority of pilcts were Perceptive or spontanecus ard liked to thirk in
terms of possibilities. Deadlines for Perceivers often are stretched while they
procrastinate and seek nore data. CAPT reported that the mejority of wniversity
faculty have a preference for Thinking. n this preference, they are similar to
the aviation menagement types, but opposite of pilot types. One method
recomended for teachers in dealing with Perceptive students is to kresk
assigments into chirks with several shorter deadlines to keep the Perceivers
o target and provide intermediate feedback (Myers, 1991).

Table 4
Relation between Aviation Students’ Major and MBTI Environmental Orientation
Indictor

Major/JP Judging Perceiving Total
Management 28 26 54
Pilot 26 38 64
Total 54 64 118

X2=1.4873, df=1, p=.22

The ESTJ preferences of aviation menagement students and the ESTP
preferences of professicmal pilot students of the OSU study were consistent
with the findings of Tieger and Barran-Tieger (2001) in their comentary an
career doices. They foud that ESTP's like work thet is active, full of adventure
ad fun, ard allow for risk taking. They also like to respod to uplamed
situations using noaowventiawl goorcaches, where they can negotiate satisfactory
solutians. They ford that flight instructors, flight engineers and comercial

Tieger and Barran-Tieger (2001) fourd that ESTJ’s enjoy careers that let
them work systematically and use time and resources efficiently to achieve a
logical oanclusion. They like straight-forwerd assigments that allow them to
using strag reasoing powers. They foud that ESI’s fit well as a project
manager, aduinistratar, supervisor, carpliance of ficer ar in other cooupatians
thaet require argenization.

At first glance ane would assure fram the findings of the OSU study that the
ESTJ management students and the ESTP pilot students would have much in
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cammn as they shared three of the four preferences. However, even tle sirgle
letter of differance acould have mesnirgful inplications for aviation instructors.

Elliott and Sapp (1988) found that ESTP college students generally prefer
“oollabarative” leamirg. They like to wark with others ard are flexible ard tolerart.
However, they quidkly tire of theardes ard coxespal thirking. They want to
take action to solve a prdolem ard leam best by hands-on experience. They are
more effective with application of leaming through scerarios and similations
than with lectures ard tests. Myers, et al (1998) stated that they do best in
careers needing realism, action, ard adaptability.

ESTTs, an the other hard, are decisive and realistic with little patience with
iref ficiency . They take command and provide leadership in order to get things
doxe an schedule. They prefer structure in the classroan ard to follow a schedile.
They like inmediate results and may jurp to conclusians before all of the facts
are in (Mers, et al, 1998).

Plaming for instructiom in the aviation classroom would require a strang mix
of structure and collaborative leaming to provide kalance ard mexdmize learming.

The Significance of the MBIT Profile

Although the preliminary data in this study is certainly not aonclusive ad
the significance of it camot be ganeralized to other populatians, it provides a
begitming kaseline for an ererging profile of the aviation student population in
two degree optians at ae of a limited mner of wniversities offering aviation
degrees. As the data is accumilated from subsequent populations of students
ard is expanded to faculty populatians, the inplications of those preferences
will becore clearer ard more meanirngful. In the meantime, it is important to
understand that the MBIT was designed to understand the whole person rather
than four distinct preferences and that whole person concept is extremely
important to teachers to murture the academic growth of students.

It is important also to remenber that in every class, there are students who
must work in their auxdiliary style while teachers work with the daminent or
preferred style of the other stdats. Tt is dellaging eough for aviation sbudents
to leam the voluminous amouant of new neterial they are required to leam without
forcing sare of them to amtimelly cperate in the disconfort of an axdiliary
moce in the classroan. Feaulty wo offer a variety of leaming activities inprove
the odds of meking learming stidk.

Faculty and students may have goposite preferences that meke it especially
difficult when the instructor must work autside his or her omn preference.
Nevertheless, it is important that the preferences of students be haored so that
o ae gragp of students is in the auxdliary mode at all times. For exanple,

lecture for meny professors is a preferred classroom instructiaal strategy.

However, failure to recognize that extroverted students need gooortunities for
expression in order to leamn, may result in bumout, absenteeism, arnd a variety
of other symptams of weak instruction.

Meyers-Briggs Type Indicator (MBTI) Preference
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Preliminary findings of the O30 study pertaining to aviation student preferences
provided anly a kegitming or fordation for an ererging profile of the aviation
lesmmer. Research regarding teaching and leaming preferences must ultimately
e expanded well beyand the MBIT to develop a broad understanding of aviation
students and incorporate leaming differences foud in the aviation classroom
into modification of instructional materials and strategies which acoommodate
those differences.
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If allowed to defire the ward disciplines for this bock review as academic ard
aviation tedmnical brenches of leaming, then, Human Factors in the Training of
Pilots (Koonce, 2002) is a book which allows readers from both of the defined
disciplines to understand each other ‘s point of view. Academic researchers
have investigated humen factor principles and have shown how they apply to the
training ewiranent. However, it hes always been dif fiqilt for the aviation tedmical
discipline to aerbrace the reasoning behind the research. Pilots have been the
best at uderstanding the roles they perform in the air, bit to trarsfer this
knowledge to another has presented challenges for those who are certified to
teach. Pilots have different tecdmiques for accarplishing procedures.
Researchers can identify the approach to teaching tedmiques. Joining both
these disciplines into ane have presented challenges with each branch using

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Cklahoma City, OK 73125.
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their language ard processes for reaching the end results.  To transfer the “whys”
ad "ty nots” in the aviation pilct training classroom in a ansistent effective
mermer irvolves both disciplines.

There are nurerous books available which talk about humen factors, mary
of which focus o flight and grord instruction for pilots, ut we have not seen
ae that provides such in-depth study of the many factors influencing leaming in
this ewvirament. There is pradoebly not a more hostile envirament for leaming
then a hot, moisy, cranmped, and saretimes scary training airplane. Because of
this, the effective flight instructar rneeds to kow every trick in the bok to
acaarplish the training dojective. There are many “How To Fly” bocks aimed at
variaus levels of pilct training (from every inegirable tedmical pergpective) ut
they lack the practical application viewed from the practitianers experiences.
Human Factors in the Training of Pilots utilizes the grester good of both the
whys ard the Why nots. Koonce irdicates that his puarpose for writing the bock
is “.with hope that it may develop an awareness of humen factors principles
ard how to utilize the knowledge of humen factors in the training and evaluation
of pilots (p.1). “ It is in the goinion of the reviewers thet he et his parpose.

The bodk is neatly sectianed into two parts. The fivst part is titled Huen
Factors and the second- Applications and Hints Fram the Years. 2Additiawlly,
the corpiled references section is praosbly worth the price of the bodk alae. Tt
lists everything fraom the necessary FAAAdvisory and Circulars to the rarence
of Richard Bach’ s rowels. Ay aonscientious pilct or aviation instructor wishing
to develo their persarl aviatiom lilbrary could use this as their dedkdlist. In the
Humen factors section, Koonce describes and defines humen factors using
practical language ard gives exanples of how these work in aviation. The writings
do not offerd or overwhelm the reader with lag and tiring academic terms.
Instead, Koonce uses plain language to defend the academic points in an
understandable and reasonable manner . This allows even the novice aviation
tedmical reader to agree or disagree with the humen issues within the learmning
arena. Even the definition of huren factors was dissected and applied to the
aviation tedmical disciplire. Two other techniques Koonce uses in the human
factars section writings is the rovel /story telling process ard truisms.  Agmin,
this enables the most novice reader (regardless of discipline) the ability to
camprehend and enjoy this section.

As an exanple, on page 14, Koonce discusses what motivates somecne to
fiy. He uses a poam which has ciraulated in the aviation field for over 50 years.
An 8-year-old child wrote this poem. Koonce could have discussed in length
extrinsic vs. intrinsic motivation and the research that supports both aonospts,
but instead he gets his point across with practical exanples. In additi,
throughout the bock are aviation truisms. These small but pointed statements
support theories and ooncepts. They tend to give the reader a sense of
anfimmation to the points. Everything fram cognitive theories to mepping the
retina are covered in the humen factors section. In the process of discussing
these oanospts, ane can quickly realize the purpose of knowing this information
when applying these principles to aviatim training.
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The secand section of the bock (Applications and hints from the years) is
filled with enpirical insigit for nearly every phase of fligit from Preflight to How
to Crash an airplane. The bodk is filled with valusble hints ard tips that surely
have been handed down by flight instructors through the ages.

This bodk is a must-read for all professianl flight instructars and definitely a
should read for any aviation enthusiast. However, no corpetent bock reviewer
could coplete a review without at least ae neggtive.so here it is. The title
stinks! Tt souds and locks too mich like a textlbook (I know, ae could say all
bodks are textlbooks) and that just might keep the target readers fram adding it
to their shopping cart-what a shame that would be.
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